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HE a which gave riſe to 
the following explanation of Animal 

Heat and Combuſtion, were made at Glaſgow 

in the ſummer of the year 1777. They were 

_ communicated, in the autumn of that year, 

to Dr. Reid, Mr. Wilſon, and Dr. Irvine. -” 

In the beginning of the enſuing Te ſfion, they 

were made known to many of the Profeſſors 

and Students in the Univerſity of Edinburgh; 
and in the courſe of the winter, they were 
explained by the Author, in the Royal 

Medical Society. | 

A brief account of theſe Experiments was 
laid before the public in the firſt edition of 

this work, which appeared in the year 177. 

As the trials recited in that publication 

had been made under many diſadvantages, I 
ſoon afterwards found, upon a careful re- 
petition of them, that I had fallen into con- 
ſidetable miſtakes in my concluſions reſpect- 
ing the quantities of heat contained i in the 
permanently elaſtic fluids, _ 

Oo perceived, however, that theſe miſtakes 

did not affect the explanation which I had 

A 3 given 


ADVERTISEMEN T. 
given of Animal Heat and Combuſtion. For 
though it appeared that the exceſs of the 
capacity of dephlogiſticated, above that of 
fixed air, was not ſo great as I had at firſt 
imagined ; yet, from an extenſive ſeries of 
experiments, which were made with the moſt 
ſerupulous attention to accuracy, it was 
evident that the difference of the capacities 
of thoſe fluids was ſuch as to afford an 
adequate explanation of the phenomena. 

2 have hitherto been induced to defer the 
publication of the reſult of my enquiry, that 
J might have an opportunity of giving the 
ſubject a more thorough inveſtigation, and 
of eſtabliſhing the leading facts upon as ſolid 
a foundation as poſſible. I was ſenſible that 
to correct errors, is the beſt method of 
apologiſing for them; and that though the 
free communication of diſcoveries is eſſential 
to the progreſs of knowledge, yet it is of 
much greater importance to the intereſts of 
ſcience, that facts ſhould be well aſcertained, 
than that they ſhould be ſpeedily publiſhed. 

Many other cauſes have concurred to re- 
tard the publication of this Work. I might 
here mention the interruptions which have 
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ADVERTISEMENT. 
ariſen from want of health, from the avota- 
tions of a profeſſion that' engaged a great 
ſhare of my attention, and from the difficulty 
of procuting the apparatus requiſite for nice 
and delicate experiments. I am perſuaded, 
however, that it is unneceſſary to employ 
much time in apologiſing for a delay, which 
the greater part of my Readers will probably 
rather approve than condemmn. 

A general conviction now prevails, that 
it is by the method of experiment and induc« 
tion alone, that we are permitted to interpret 
the characters which the Deity has impreſſed 
upon his works; and thoſe who are in the 
habit of cultivating natural knowledge, well 
know that this method of ſearching into 
truth, neceſſarily requires much labour and 
patient inveſtigation, 

Though I have uſed my utmoſt endeavours 

to eſtabliſh the facts, which I now venture 
to ſubmit to the public eye, upon a ſolid 
foundation ; yet I am far from meaning to 
inſinuate that they are free from error. In 
an attempt to determine the relation which 
takes place between ſuch ſubtile principles 
as air and fire, we can only hope for an ap- 
proxi mation to the truth. 3 
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I believe, however, that no n ende 
miſtakes will now be found, in the experi- 
ments recited in the following pages; and 
it is hoped that the candour of the public 
will aſcribe the errors that may ſtill remain, 
to thoſe imperfections in the ſenſes and in 
thermometers, which make it. difficult to 
eſtimate, with preciſion, minute difterences, 
and which muſt ever prevent us from 2 arriv- 


ing at perfect accuracy. 
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ANIMAL HEAT, &. 


H E words beat and fire are ambigu- 
1 ous. Heat, in common language, has 
a double ſi gnification. It is uſed indiſcrimi- 
5 to expreſs a ſenſation of the mind, 
and an unknown principle, whether we call 
it a quality or a ſubſtance, which is the ex- 
citing cauſe of that ſenſation *. 
Philoſophers, who have ap plied themſeines. 
to this ſubject in modern times, have ge- 
nerally appropriated the word heat to the 
unknown principle; and in the language of 


* Sce Dr. Reid's Inquiry into. the Human Mind, p- 78. 
B | ſcience, 
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2 EXPERIMENTS AND OBSERVATIONS 


ſcience, its ſignification, as applied to that 


principle, is much more extenſive than in 


common language. For, in common lan- 


guage, it expreſſes ſuch a degree of the un- 


known external cauſe, as will produce a 


given effect upon the ſenſes; but in the phi- 
loſophical acceptation, it has been uſed to 
expreſs the external cauſe in the abſtract, 
without regard to the peculiar effects which 
it may produce. For the ſake of greater 
preciſion, in the following treatiſe, 1 ſhall, 
with the ingenious Dr. Irvme of Glaſgow, 
call the latter abſolute beat, and the external 
cauſe conſidered as having a relation to the 
effects which it produces, I n call rela- 
tive heat. 5 
From this view of the PS it appears, 


that abſolute heat expreſſes, in the abſtract, 
that power or element, which, when it is pre- 
ſent to a certain degree, excites in all ani- 
mals the ſenſation of heat; and relative heat 
expreſſes the ſame power, conſidered as hav- 
ing a relation to the effects 2855 n it is 
known and meaſured. | 


The effects by which heat is ans WO 


| -meaſured are three, and therefore relative 
heat may admit of three ſubdiviſions. | 


11t, 


* * 
44 
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- rt; This principle is known by the Dar- 
iar ſenſations which it excites in animals. 
Conſidered as excitin - thoſe mn it is 
called ſenfible heat. | 
- 2dly, It is known by the effect which" it 
produces upon an inſtrument that has been 
employed to meaſure it, termed a thermo- 
meter. This is 1 the a __ 
heat in bodies. 
3dly, It has been found by pee 
that in bodies of different kinds, the quan- 
tities of abſolute heat may be unequal, 
though the temperatures and weights be the 
ſame. Thus it will appear from the experi- 
ments recited in the following pages, that if 
a pound of water and a pound of diapho- 
retic antimony have a common tempera- 
ture, the quantity of abſolute heat con- 
tained in the former, is nearly four times 
that contained in the latter. When the 
principle of heat is conſidered relatively to 
the whole quantity of it contained in bodies 
that are of different kinds, but which have 
equal weights and temperatures, I ſhall 
term it comparative heat. If, for example, 
the temperatures and weights being the ſame, 
the whole: quantity of heat in water be four 
'Y B 2 times 
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2 ExperIiMENTS|AND OnstnvaTIONS | 
times as great as that in antimony, the com- 


parative heats of theſe: ſubſtances a are faid to 
be to each other as four to ona. 
Senſible heat is meaſured by the nens 
neſs of the ſenſation which it excites; Tem- 
perature, by the expanſion of the fluid in 
the thermometer: and comparative heat is 
meaſured by the alterations of temperature, 
which equal quantities of abſolute heat pro- 
duce in bodies that have equal weights. 
Thus we ſay that two bodies have the ſame 
ſenſible heat, when the organ of feeling is 
equally affected by them; and that the ſame 
body has a greater or leſs degree of ſenſible 


heat, according as it produces a greater or 


leſs effect upon that organ. 
In like manner bodies are ſaid to have the 


fame temperature, when they produce equal 
expanſions in the thermometer, and the ſame 
body is ſaid to have a higher or lower tempe 
rature, according as a greater or leſs expan- 
ſion is produced by it in that inſtrument. 
It will hereafter appear, that the compara- 
tive heats of bodies which have equal weights 
and temperatures, are greater or leſs, in pro- 
portion as leſs or greater alterations are pro- 


duced in their temperatures by equal quan- 


2 tities 


- + pow Animal Hzar, 3 
tities bf abſolute heat. Thus it is found, 
that the ſame quantity of heat which raiſes a 
pound of water one degree, is ſufficient to 
raiſe a pound of mercury 28 degrees. From 
which it follows, as will be hereafter proved, 
that the comparative heat of water is to that 
of mercury as 28 to one and conſequently, | 
the alterations which are produced in the 
temperatures of bodies, by given quantities of 
abſolute heat, may properly be applied as a mea- 
ſure of their comparative heats; the alterations 
of temperature and the comparative heats 
being reciprocally proportional to each other. 
Senſible heat depends partly upon the 
temperature, and partly upon the ſtate of 
the organ of feeling; and, therefore, if a 
variation be produced in the latter, the ſen- 
ſible heat will be different, though the tem- 
perature continue the ſame. Thus water at 
the temperature of 62 degrees of Farhenheit, 
appears cold to a warm hand immerſed i in it; 
but on the contrary, that fluid will appear 
warm, if a hand be applied to it which has 
a lower degree of heat than 62. For this 
reaſon the thermometer is a much more ac- | 
curate meaſure of heat than the ſenſes of | 
animals. As long however as the organs 
0 B 3 remain 
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remain unchanged, the ſenſible heat is in 
proportion to the temperature. And, there- 
Fore; theſe terms have generally been conſider- 
ed as nearly ſynonymous. It has been ob- 
ſerved, by my learned friend Dr. Reid, in a 
very accurate communication, with which 
he favoured me on this ſubject, that . until 
the ratio between one temperature and ano- 
ther be. aſcertained by experiment and in- 
duction, we ought to conſider temperature 
as à meaſure which admits of degrees, but 
not of ratios: and conſequently ought not 
to conclude, that the temperature of one 
body is double or triple to that of another, 
unleſs the ratio of different temperatures 
were determined. Nor ought we to uſe the 
expreſſions of a double or triple temperature, 
theſe being expreſſions which can convey no 
diſtinct meaning, until the ratio of different 
temperatures be determined.“ By not at- 
tending to theſe circumſtances, philoſophers 
have been led into miſtakes, in their calcu- 
lations reſpecting the heat of comets at cer- 
- tain diſtances from the ſun. - 
When we examine the comparative quan- 
tities of heat in different bodies, we may 
. conſider them either as having equal werghts 
and 


— — 


the differences of the ſpecific gravities of 


culated from equal weights of the ſubſtances 
compared; this method appearing to be leſs 
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and temperatures, or equal magnituder"am | 


temperatures; and the reſults of theſe com- 
pariſons will be different, in proportion to 


the ſubſtances compared. Thus it will be 
found, that the comparative heat of Water? 
is to that of an equal volume of mercury, 
nearly as two to one; but in equal weights 
of theſe ſubſtances, the comparative heats 


are nearly as 28 to one. In the followin 


treatiſe the comparative heats have been cal- 


liable to objection than the calculations from 
equal magnitudes, becauſe the latter requires 
a more perfect knowledge of ſpecific gravis | 
ties than has hitherto been attained. 
It is proper to add, that as equal weights 

oe” heterogeneous ſubſtances are found to 
contain unequal quantities of abſolute heat, 
there muſt be certain eſſential differences in 


the nature of bodies; in conſequence of 


which, ſome have the power of collecting 
2 retaining that element in greater quan- 


tity than others. © Theſe different powers 


are called in the following pages the N 
ties of bodies for containing heat: thus i 
B 4 we 
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we find, by experiment, that a pound of. 


water contains four times as much. abſolute 
heat as a pound of diaphoretic antimony: 
When at the ſame temperature, the capacity 


of water for containing heat, 1 18 faid 0 wh to : 


that of antimony as four to one. 3 
The temperature, the capacity for con- | 


taining heat, and the abſolute heat contain- 
ed, may be ae . ach other i in 
the following manner. 't 21 
The capacity for 8 — and the 
abſolute beat contained, are diſtinguiſhed ag 
a force from the ſubject upon which it ope- 
rates. When we ſpeak of the capacity, we 


mean a power inherent in the, heated, body ; ; 


when we ſpeak of the abſolute heat, we 


mean an unknown principle which is retain- 
ed in the body by the operation of this 


power; and when we ſpeak of the tempera- 


ture, we conſider the unknown principle as 


producing certain ee uber the er | 


meter. > 3 $ 0 


The capacity for containing heat may con- 
tinue unchanged, while the abſolute heat is 
varied without end. If a pound of ice, for 

example, be ſuppoſed to retain its ſolid form, 


the quantity of its abſolute heat will be al- 
tered 


| vron — Haar, n ay 


tered by every increaſe or diminution of its 
ſenſible heat: but it will hereafter be proved, 
that as long as its form continues the fame, 
its capacity for receiving heat is not af- 
fected by an alteration of temperature, and 
would remain unchanged, though the body 
were wholly deprived of its heet. 
It was before obſerved, that the chanzzvs 
which are produced in the temperatures of 
different bodies, by equal quantities of ab- 
ſolute heat, are greater or Jeſs according as 
the body to which the heat is applied has a 
Jeſs or a greater capacity for containing heat. 
The body, therefore, which has the leſs ca- 
pacity for containing heat, has its tempera- 
ture more augmented by the addition of a 
given quantity of abſolute heat, than that 
which has the greater. Hence the tempera- 
ture of a body depends partly upon the 
quantity of its abſolute. heat, and partly 
upon the nature of the body in which this 
heat is contained; and, conſequently, the 
temperature may be varied either by a change 
in the nature of the body itſelf, or by a change 
in the quantity of its abſolute heat. If the 
variation of temperature ariſes from the firſt 
of theſe circumſtances, it follows, that in 
8 the 
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the ſame body the tem perature may vary, 
though the abſolute heat continues the ſame. 
If, for example, a body of a given weight . 
be ſuppoſed to have a capacity as one, a 
quantity of abſolute heat as 10, and a tem- 
perature which computed from the point of 
total privation is alſo as 10; and if the capa- 
city of the body be conceived to be ſuddenly 
doubled, the ſame quantity of abſolute heat 
which formerly raiſed it to the temperature 
of 10, will now be ſufficient to raiſe it only 
to the temperature of five. This will after- 
5 wards more clearly appear, from the experi- 
ments and obſervations on fixed and atmo- 
ſpherical air, venous and arterial blood *. 
The following proportions obtain, with 
reſpect to the capacities, the temperatures, . 
and the quantities of abſolute heat. 
The capacities of bodies for receiving 
heat, are conſidered as proportional to the 
quantities of abſolute heat which they con- 
tain, . when the quantities of matter are 
equal, and the temperatures are the ſame. 
Calling therefore the temperature PT; the ca- 
{ It is proper to obſerve, that the general fact reſpect⸗ | 
1 


ng the influence of a change of capacity upon the tem- 
1 perature of bodies, was firſt diſcovered by Dr. Irvine. 


FOOT | 


r 
_ 
—_— 7 


uroß Aal Haar, "ON . i 1 
pacity. C, and the abſolute heat A, if the 


quantities of matter and the temperatures be 


given, the capacities will be as the abſolute 
heats or if T be given, A will be as C. 
Again, in the ſame body, if the capacity be 
given, the quantity of abſolute heat will be 
in proportion to the temperature, computed 
from the point of total privation, and mea- 
ſured by a thermometer, the expanſions of 
which are proportional to the increments of 


heat. That is, if C be given, A will be as 
T. Since, therefore, if T be given, A will 


be as C, and if C be given, A will be as T; it 
follows, that if neither be given, A will be 


as T C. Therefore C will be be as =, and 


if A be given, C will be reciprocally as 


T. . Conſequently, if the capacities be re- | 
ciprocally as the temperatures, the quantities 


of abſolute heat will be equal. Thus if the 
capacity of the calx of antimony be to that 


of the regulus, as three to one, and if the 


temperature of the former, computed from 


the point of total privation, be to that of 
the latter as one to three, the calx and re- 


gulus will contain equal quantities of abſo- 
lute heat. | 


Fire, 
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who expreſſes a certain degree of heat ac- 
companied with light; and is particularly 
applied to that heat and light which are pro- 
duced by the inflammation of combuſtible 
bodies. But as heat, when accumulated in 
a ſufficient quantity, is conſtantly accompa- 
nied with light or, in other words, as fire 
is always produced by the increaſe of heat, 
philoſophers have generally conſidered theſe 
phænomena as proceeding from the ſame 
cauſe *; and have therefore uſed the word 
fire to expreſs that unknown principle, which, 
when it is preſent to a certain degree, excites 
the ſenſation of heat alone; but, when ac- 
cumulated to a greater degree, renders itſelf 
obvious both to the fight and touch, or pro- 
duces heat accompanied with light. 
In this ſenſe the element of fire ſignifies 
the ſame thing with abſolute heat. OY 
Theſe definitions and remarks being pre- 
miſed, I ſhall proceed to give the reader a 
conciſe view of the general facts upon which 
the experiments recited in he following 
pages are founded. 


* Vide Boerhaave, Martine, MQuer, &c. 
I. Heat 


"Is 


Fire, in the vulgar: acceptation of the | 


/ 
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A Heat has a coriſtant tendency to diffuſe | 


iel ober All bodias,'-till thy are brought 10 


the ſame temperature. Thus it is found by 


the thermometer, that if two; bodies; of dif- 

ferent temperatures, are mixed together or 
placed contiguous, the heat paſſes from orie 
to the other till their temperatures become 
equal; and that all inanimate bodies, when 
heated and placed in a cold medium, con- 


: Js loſe heat, till, in proceſs: of time, 


they are gn ooo the ſtate of tie e 
ing medium. =» 

From this proper ty of heat it un that 
the various claſſes of bodies throughout the 


earth, if they were not acted upon by ex- 


ternal cauſes, would at length arrive at a 
common temperature, when the heat would 
become quieſcent: in like manner, as the 
waters of the ocean, if not prevented by the 
winds, and by the attractions of the ſun and 
moon, would come to an equilibrium, and 
would remain in a ſtate of reſt. But as 


cauſes continually occur in nature to diſturb 


the balance of heat, as well as that of the 
waters of the ocean, thoſe elements are . 
in a nn fluctuation. | 


II. Heat 
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II. Heat is contained in conſiderable quin- 
tities in all bodies, azarae 
temperature of the atmoſphere. Qty 
From the intereſting experiments v " ich 
were made on cold, by my: ingenious friend 
Mr. Wilſon, we learn, that at Glaſgow in the 
winter of the year 1780, the thermometer 
on the ſurface of ſnow, ſank 25 degrees be- 
low the beginning of Farhenheit's: ſcale. 
We are told: by Dr. Pallas, that in he 
Deſerts of Siberia, during a very intenſe froſt, 
the mercury was found congealed in thermo- 
meters expoſed to the atmoſphere, and a 
quantity of that fluid, in an open bowl 
placed in a ſimilar ſituation, at the ſame time 
became ſolid. The deciſive experiments which 
have been made by Mr. Hutchins at Hud- 
ſon's Bay prove, that the freezing point of 
mercury is very nearly 40 degrees below the 
zero of Farhenheit. From which it follows, 
that at the time of Dr. Pallas's obſervation, 
the atmoſphere in Siberia muſt have been 
cooled to minus 40. By a paper which has 
been lately tranſmitted to the Royal Society 
we are informed, that the ſpirit of wine 
thermometer in the open air, at Hudſon's 
Bay, during the winter 1785, fell to minus 
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423; and from the ſame communication we 
learn, that by a mixture of ſnow and vitriolic 
acid, the heat was ſo much diminiſhed, that 
the ſpirit of wine ſank to minus 80, which 
is 112 degrees below ms cnn nen of 
water. | N87 
Hence it is manifeſt; thee hed is contain- 
ed in conſiderable quantities in all bodies, 
when at the common temperature of the at- 
moſphere. It is plain, however, that the 
quantity of heat inherent in each individual 
body is limited. This I think muſt be ad- 
mitted, whatever be the hypotheſis which we 
adopt concerning the nature of heat, whether 
we conceive it to be a force or power belong- 
ing to bodies, or an elementary principle con- 
tained in them. For thoſe who conſider heat 
as an element, will not ſuppoſe that an un- 
limited quantity of it can be contained in 
a finite body — and if heat be conſidered as a 
force or power, the ſuppoſition that finite 
bodies are actuated by forces which are infi- 
nite, is equally inadmiſſible. 

To place this in another light, we know 
that bodies are univerſally expanded by heat, 
excepting in a very few inſtances, which do 
not afford a juſt objection to the general 

4 fact; 
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fact; becauſe in thofe inſtances, by the action 
of heat, a fluid is extricated that previouſly 
ſeparated the Particles from each other. 
Since, therefore, heat is found to expand 
bodies in the temperatures which fall within 
the reach of our obſervation, we may eon- 
elude that the ſame thing takes places in all 
temperatures. It will hereafter appear, that 
in mercury and in ſome other fluids, the ex- 
panſions are proportional to the quantities of 
heat applied; from which it follows, - that 
the quantities of heat in bodies are limited, 
becauſe an infinite heat would nne an 
infinite expanſioͤn. on 
It is manifeſt that the hates of acgrees 
of ſenſible heat, as meaſured by the thermo- 
meter and eſtimated from the beginning of the 
ſcale, muſt be che ſame in all bodies which 
have a common temperature. For by the firſt 
general fact it is proved, that heat has a con- 
ſtant tendency to diffuſe itſelf uniformly over 
bodies, till their temperatures become equal. 
From which it may be inferred, that if a 
quantity of heat were added to bodies abſo- 
lutely cold, the ſame uniform diffuſion would 
take n and that if a thermometer, alto- 
| — 


vero. Anniar HEAT, & t. _ If 
gether deprived of its heat, were applied to 
ſuch bodies, it would be equally expanded 
by them, the whole of the ſenſible heat 
which they had «at; 9895 being indicated "Of? 
that expanhon. =» 

III. If the parts of the ſame bos pebes 
ſubſtance have a common temperature, the 
quantity of abſolute heat will be proportional 
to the bulk or quantity of matter. Thus 
the quantity of abſolute heat, in two pounds 
of water, is double that which is contained 
in one pound, when at the ſame temperature. 


mis, Ithink, is evident, from the ſimilarity 
in the particles of the ſame homogeneous, 


ſolid and fluid ſubſtances. For the particles 
being ſimilar, their powers will be equal, 
and their capacities for receiving heat will be 
the ſame; and, therefore, the quantities of 
abſolute heat which they contain will be pro- 
portional to the bulk or quantity of matter. 
The truth of the general fact, that bodies 


of the ſame kind, having equal temperatures, 


contain quantities of heat proportional to 
their bulk, 1s not only manifeſt from the 
ſimplicity of the operations of nature, but 
may moreover be confirmed by an induction 
from the experiments recited in the follow- 
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ing work; as the intelligent reader will 


ai perceive. 

IV. The dilatations and contractions of 
tho fluid in the mercurial thermometer, are 
nearly proportional to the quantities. of ab- 
ſolute heat, which are communicated to the 
ſame homogeneous bodies, or ſeparated from 
them, as long as they retain the ſame form. 
Thus the quantity of heat required to raiſe 
a body four degrees in temperature, by the 
mercurial thermometer, is nearly double that 
which is required to raiſe it two degrees, 
four times of that required to raiſe it one de- 
gree, and ſo in proportion. ; 

The proportions which obtain 8 
the increments of heat in the ſame homoge- 


neous bodies, and the expanſions of the va- 


,Tious fluids that have generally been employ- 
| ed in thermometers, were firſt inveſtigated 
| by. Mr. De Luc. It was laid down as a 
principle by this ingenious philoſopher, that 

if equal quantities of hot and cold water be 

mixed together, the difference of heat will 

be equally divided between them. From 

which it was concluded, that a thermometer 

being immerſed in the hot water, and alſo 
in the cold, previouſly to the mixture, if its 

N expanſions 


* 


1 


dor ͤ KV 
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expanſions were in proportion to the quan- 
tities of heat applied, it would point, after 
the mixture, to the arithmetical mean, or to 
half the difference of the ſeparate heats, added 
to the leſs or ſubtracted from the greater. 
Proceeding upon this principle, he found 
that when a given quantity of water at 45. 5 
of Farhenheit, was mixed with an equal quan- 
tity of the ſame fluid at 200.75, the mercu- 


rial thermometer immerſed in the mixture 


indicated ſomewhat leſs than the arithmetical 
mean, the deviation being not more than 
two degrees below that point. This experi- 
ment was repeated at different temperatures 
with. a ſimilar reſult. From which he in- 
ferred, that the mercurial thermometer is 
nearly an accurate meaſure of heat. 

As Mr. De Luc's experiments, with the 
concluſions deduced from them, conſtitute a 
fundamental part of the doctrine of heat, I 
have repeated them with as much attention. 
as poſlible. 

The thermometers which I employed were 


mercurial, and had each degree of Farhenheit 


divided into ten equal parts, being reduced 
to a common ſcale, by comparing them with 
a very accurate ſtandard. 
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EXPERIMENT I. 
The air in the room being 61. 5. A quan- 
tity of water weighing thirteen pounds ten 
ounces and an half, was heated in a ſlight tin- 


ned iron veſſel that had a cover of the ſame metal 


cloſely adapted to it, a thermometer being 


- inſerted in the center of the cover by means 


of a cork. When the water was raiſed to 
the deſired temperature, it was gently agi 
tated, that every part of it might be brought 
to the ſame heat, the thermometer immerſed 
in it pointing preciſely to 120.6. - An equal 
quantity of cold water, the parts of which 
were alſo brought by agitation to a common 
temperature, was mixed with the warm, by 
pouring it into the tinned veſſel in which 
the latter was contained. 

When the mixture was reduced by agi 
tating it with a wooden rod to a mean heat, 
its temperature, at the end of one minute, was 
89.8 —at the end of fix minutes, the agita- 


tion being continued, it was found to be 


89.4. Allowing therefore . 066 for the heat 


| loſt in the firſt minute, we have 89.866 for 


the true temperature of the mixture, If 
"hs 


G 


* 
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the ches monneter, at the moment of immer- 
ſion, had indicated the exact ar ithmetical 


mean, it would have ſtood at 89.8. 


This experiment was repeated with the 


W reqult. 


EXPERIMENT Ik 


The LEM the | room being 62, twelve 
pounds of water at 59.9 were mixed as before 
with an equal quantity of the ſame fluid at 


119.8. The temperature of the mixture, 


reduced by agitation to a mean heat, was 
89.8 at the end of one minute. 

An agitation as nearly equal as poſſible 
being continued, the temperature at the end 


of five minutes was found to be 89.4. Al- 


lowing therefore .08 for the heat loſt in the 
firſt minute, we have 89.88 for the true 
temperature of the mixture. The exact 


arithmetical mean in this experiment was 


89.855 
ExPERIMENT III. 
The air in the room being 59, twelve 
pounds of water at 56. 1 were mixed as be- 


fore with an equal quantity of water at 
C 9 1 
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156.25. The mean temperature of the mix-· 
ture at the end of 5 
1 Minute was 106. * 
LY Min. A 

Allowing therefore . 16 for the heat loſt in 
the firſt minute, we have 106.26: for the true 
1 e. | 

In this experiment, which was repeated 
twice with the utmoſt care, and with very 
nearly a ſimilar reſult, the arithmetical mean 
between the ſeparate heats was 106.2. 

It appears, therefore, that in the three pre- 
ceding trials, the true temperature was a little 
greater than the arithmetical mean. As in 
theſe trials the mixture was made in a warm 
veſſel, it is manifeſt, that the deviation from 
the arithmetical mean is partly to be at- 
tributed to the heat received from the veſlel. 
The heat imparted by the veſſel was de- 
termined by the experiment which follows. 

The air in the room being 62, and the 
veſſel being raiſed to 136, twelve pounds 
avoirdupois of water at 61.9 were poured 
Into it. The water being agitated, its tem- 
perature in | 


1 Minute was 62.7 
5 Min. 62.8 


The 
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The tinned veſſel was heated by including 


it in a ſimilar veſſel made of copper, the 
ſize of which was ſuch that the ſurfaces of 
the veſſels were nearly in contact with each 
other. Thus circumſtanced, they were placed 


in a large tub, and were ſurrounded with 


water at 136; the acceſs of the external 


air being excluded by a broad pan which 
covered them, and which contained water 
nearly of the ſame temperature. By - this 


contrivance the tinned veſſel was entirely ſur- 


rounded with warm water, and received from 
it ari uniform heat, without being! in contact 


It appears from the experiment, that the 
veſſel was cooled by the water 73 degrees 


and .2; and that the water was heated .9 of 


a degree. And ſince the water received this 


heat from the veſſel, it is manifeſt, that the 


ſame quantity of heat which changes the 


temperature of twelve pounds of water . of 


a degree, will change the temperature of the 


veſſel 73 degrees and r. And by a parity 


of reaſoning, the ſame heat which raiſes the 


water one degree, will raiſe the veſſel 81.4. 


If therefore, in any experiment, we find that 


bo. degrees and i of heat have been ſeparated 


C4 | from 
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from the veſſel by twelve pounds of water, 
we may conclude, that this heat has raiſed 
- the water one degree. Hence the heat com- 
municated by the veſſel in the preceding ex- 
+ periments, may be determined. Thus in the 
third experiment the heat of the warm wa- 
ter and of the veſſel was 1 56.25 the true 
temperature of the mixture was 106.26. 
The temperature of the veſſel was therefore 
ſunk by the cold water 49.99. The increaſe 
which was produced 'in the temperature. of 
the cold water by this heat may be deter- 
mined by the following proportion. If 81.4 
give 1, what will 49.99 give? By which it 
appears, that the water in the experiment in 
queſtion received from the veſſel . 61 of a 
degree of heat. Subtracting this from 106. 26, 
which was the true temperature of the mix- 
ture, we have 105. 65 for the temperature 
which would have been indicated by the 
thermometer, if no heat had been received 
from the veſſel. The deviation from the 
arithmetical mean in this experiment was 
therefore . 5 5. 
In Experiment I. the veſſel was ed 
30.734. To diſcover how much heat the 
cold water received from the veſſel, ſay, if 


81.4 
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a give 1, what will 30.734 give? 2 | 
the heat imparted by the veſſel was: . 377, 
which ſubtracted from the true temperature 


89.866, gives 89.489 for the temperature, 
which would have been indicated by the 
thermometet if no heat had dern received 
from the veſſel. © | 

In Experiment II. from a finidar 0 


tion it appears, that if heat had not been 


communicated by the veſſel, the temperature 
indicated by the thermometer would have 
been 89.513. Hence in the former experi- 


ment the deviation from the arithmetical mean 
was . 3113 in the latter it was. 337. 


ExennIMEnT IV. 


Air in the bm 54 
Eight pounds of water at 52.4 
Mixed with an equal er 


of water at - 81.9 
Temperature of the mixture 
((( OO OE 
Three mitigate = 5) 8 I 


The arithmetical mean in this 


experiment was © 67.16 

In Experiment I. page 20, the quantity 

of water was twelve pounds, and in that 
experi- 
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| experiment the heat received from the vellt 


was 61. 
To find how Mitch Fords 180 been re- 


ceived, if the quantity of water had been only 
8 1b. ſay, as 12 to. 61, fo inverſely is 8 to 


a fourth proportional, which gives 91 for 


the heat, which the veſſel would have im- 


parted to 8 Ib. of water. 
But in the former experiment the veſlal 


was cooled by the water very nearly 50 de- 
grees. In this experiment it was cooled 


nearly 15, ſay, as 50 to 15, ::.91 to a 
fourth, which gives .27 for the heat received 


from the veſſel. 


The true temperature was 67.15, which 
was alſo the exact arithmetical mean. Hence 
the deviation. from the nn mean 


Was . 27. 


DExeFRIMENT bs 


| Eight pounds of x water e 
Mixed with 16 lb. of ditto — 54.6 
The mixture in one min. — 69.1 plus 


— five 69 plus 
When the mixture is ſaid to be 69. 1 plus, 


the meaning is, that the exceſs of its tem- 


perature 
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perature above 69 is a little more than--s. 


In which caſe it may be: ſuppoſed to be 25, 
plus 2, and the temperature, as indicated by 


the thermometer, will then be 69.15. Allow- 
ing * of a degree for the heat loſt in the firſt 
minute, we have 69. * * the true . 


ture. 
From the original heat of the veſſel 98. 8 


Take the true temperature ,- 69.17 


ire es po as 29. 63 


for the heat ſeparated from the veſſel. 


To diſcover how much the temperature « of 
the cold water was increaſed by this heat, ſay 
as 81.4 to 1, ſo is 29.63 to a fourth, which 


gives . 36 for the heat, which would have 
been communicated by the veſſel to twelve 
pounds of water. But the quantity of water 
was 16 pounds, therefore ſay as 12 to. 36, 
ſo inverſely is 16 to a fourth. Whence it 


appears, that the heat imparted to the water 
by the veſſel was. 27, which, ſubtracted from 


the true temperature, gives 68.9 for the 


temperature, which would have been indi- 

cated by the thermometer if no heat had been 

received from the veſſel. 
The difference between the temperatures 


of the warm and cold water was 44.2. The 


quantity 
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quantity of cold water was to that of warm 
water as 2 to 1, dividing the difference of 
temperature into three equal parts, if the 
capacity of water were permanent, and the 
mercurial thermometer an accurate meaſure 
of heat, the warm water ſhould have been 
cooled two of theſe parts, and the cold water 
heated one. Hence the temperature of the 
mixture ſhould have been 69.3. 

It was before ſhewn, that if no heat had 
been received from the veſſel, the tempera- 
ture indicated by the thermometer would 
have been 68.9. 


EXPERIMENT VI. 


Fight pounds of water at - 120.3 
Mixed with ſixteen pounds of 

ditto at - 51.8 
Temperature of the mixture 75 


In this experiment, the heat imparted by the 
veſſel was .42 of a degree. We have there- 
fore 74. 58 for the temperature, which would 
have been indicated if no heat had been re- 

ceived from the veſſel. | 
The temperature, by calculation, is 74-8. 
Hence, on equal quantities of warm and 
cold 


d 
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cold water are mixed together, the mercurial 


thermometer is found in all caſes to indi- 


cate very nearly the arithmetical mean. And, 
moreover, when the warm and cold wa- 
ter are mixed in different proportions, the 
reſults correſpond very nearly with the tem- 
peratures, as determined by calculation. 

I next endeavoured to diſcover, by ſimilar 


experiments, whether the ſame law obtains 


when equal quantities of linſeed oil are mix- 
ed together at en temperatures” ft 


_ ExPERIMENT VII. 
Alr lite foorm * . 


Ten pounds of linſeed oil at 14 83 
Mixed with an equal quantity 3 


linſeed oil at 3 55.8 
The mixture in one minute was 10 1.7 
— two . 101.5 

———— three 101.3 
— — An 
— five - 100.9 


In this experiment great attention was re- 
quired, in order that the heat might be 
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zo ExPzRIMENTS AND OBSERVATIONS | 
uniformly diffuſed” over the oil, previouſly to | 
the mixture, as well as ſubſequent to it.— 
For when that fluid is expoſed to heat, the 
warmer particles have a much greater ten- 
dency to aſcend to the ſurface than thoſe of 
water in ſimilar circumſtances. And, conſe- 
quently, in the above experiment, a briſk 
agitation was neceſſary to promote a uniform 
diffuſion. 5111. | 

If two tenths * a Sees be allowed for 
the heat loſt in the firſt minute, the true 
temperature of the mixture will be 101.9. 
Hence the warm oil and veſſel were cooled 
43-1; the cold and warm oil being mixed in 
the veſſel in which the latter was contained. 
The veſſel was the ſame with that uſed 1 in the 
former experiments. 

The capacity of water is to that of oil very 
nearly as 2 to 1.—lIf therefore 81.4 degrees 


of heat, when ſeparated from the veſſel, 


raiſe a given quanfity of water one degree, 
the ſeparation of the ſame heat would raiſe 


an equal quantity of linſeed oil two degrees. 


In the experiment in queſtion the veſſel 
was cooled 43.1.—To diſcover how much 


the oil was raiſed by this heat, ſay as 81.4 


to 
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to 2, 0 18 43˙1 to a fourth, which gives 


very nearly one degree for the heat that would 


have been imparted by the veſſel to 12 lb. of 


linſeed oil, and conſequently the heat com- 
municated by 101b. was nearly . 8 of a de- 
gree. Hence we have 100.9 for the tem- 


perature, which would have been indicated 
if no heat had been communicated by the 


veſſel. —The arithmetical mean is 100.2. 7 77 


This experiment was thrice repeated with 


the greateſt attention; and the mean reſult 


gave nearly .5 for the exceſs of the tempera- 
ture indicated by the thermometer aboye the 


arithmetical mean. | „ 
It is probable, that this deviationw was in ſome 
meaſure owing to the tendency of the particles 


of the warm oil to aſcend to the ſurface, in 


conſequence of which the difficulty of bring- 
ing the ſeveral parts to a uniform heat, and 
of marking the mean temperature, was very 
great. And, for the ſame reaſon, the re- 


ſults of the ſeveral experiments with that 
fluid could not be brought to correſpond ſo 


nearly as the reſults of thoſe which were 


made with water. If, however, we ſuppoſe 


the experiments to be exact, and the thermo- 
meter 


. ——— h 


205008 
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meter to have been an aceurate meaſure of 
heat, it will follow that the capacity of lin- 


of temperature, | Ky 
The reader will pereeive, t in ths fore- 


going experiments with water, when equal 
Portions of this fluid, having different de- 
grees of ſenſible heat, were mixed together, 


the temperature of the mixture, as indieated 
by the mercurial thermometer, was à little 


* than the arithmetical mean. 


This irregularity Mr. De Luc accounts 


for in the following manner: He ſuppoſes, 


that the contractions of mercury have an 


increaſing progreſs compared with the dimi- 


nutions of heat in bodies that a double di- 
minution of heat, for example, will produee 


more than a double contraction; à triple 
dimination more than a triple contraction. 


In conſequence of which the mercurial cher- 
mometer, in experiments fimilar to thoſe re- 
cited above, muſt indicate leſs then the arith- 

metical mean. 11 
Mr. De Luc has, however, pimſelf 06. 
ſerved, in a paper, with which he ſome time 
ago favoured me on this ſubject, that we 
| cannot 
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cannot determine with certainty from thoſe 
experiments, the relation which the expan- 
ſions of mercury bear to the increments of 
heat. For when we infer the agreement be⸗ 
tween the dilatations of mercury and the in- 
crements of heat from ſuch experiments, we 
take it for granted, that the capacity of water 
for receiving heat, continues permanent at all! 
temperatures between the freezing and boil- 
ing points. This, however, ſhould riot "be 


admitted without proof. 


35 


It is proper to add, that if the mercury in 


the experiments in queſtion had indicated the 
preciſe arithmetical mean, we could not from 


thence infer with certainty, that the dilata- 
tions of this fluid are proportional to the 
increments of heat. For ſuch alterations 
may” be conceived to take place in the capa- 


city of Water, and in the contractions or di- 


latations of mercury, in conſequence of a 


change of temperature, as would account for 
the phenomenon, though the expanſions of 


mercury and the increments of heat were not 
proportional to each other. 1 f. for example, 
unequal augmentations of capacity are pro- 


os 


duced in water by equal increments of heat; 


and 
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and if unequal contractions are produced 
in mercury by equal diminutions of heat, 
theſe contrary irregularities may be con- 
ceived to be ſo achuſted as preciſely to 
balance each other, in conſequence of which 
a mercurial thermometer introduced into 
equal quantities of hot and cold water mixed 
together, would point to the arithmetical 
mean. 

As theſe 8 therefore, are not 
decifive, I have endeavoured to diſcover the 
relation between the expanſions of mercury 
and the increments of heat, by a mode of 
trial which appears leſs liable to objection. 

In the courſe of my experiments on heat, 
J obſerved, that if the vapour of boiling 
water be made to flow in a continued ſtream 
through a pipe of any length or dimenſions, 
every part of that pipe will be raiſed to the 
boiling point; and, moreover, that- if the 
extremity of a pipe, leading from a covered 
veſſel containing boiling water, be inſerted. 
into another covered veſſel, which has two. 
ſmall apertures for the purpoſe of ſuffering. 
the ſteam to enter and to efcape, every part. 
of the latter veſſel will be kept at the tem- 
perature of boiling water, provided the va- 

; : pour 


— 
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pott be introd uced in ſuch a quantity, as that 

a portion of it ſhall eſcape uncondenſed. 
In reflecting on this fact, it occurred to me, 
that a method might be deviſed of combining 
the freezing and boiling points of water, ſo as 
to obtain an intermediate temperature that 


ſhould be conſtant. With that intention, I | 


contrived the following e ſee plate I. 
fig. 1. 

AC repreſents a double veſſel conſiſting of 
two cylinders, A B C D, and / m n o, which 
are joined at the ſuperior extremity (Io), the 
ſpace between them being compleatly cloſed, 
excepting at the two apertures C and B, into 
the former of which the ſteam of boiling wa- 
ter enters, and the latter ſuffers it to eſcape. _ 

In this veſſel, therefore, there are two 
compartments, one of which is the ſpace in- 
tercepted between the interior and exterior 
cylinders, and the other is that included 
within the interior cylinder, which is open at 
(10), and cloſed at the bottom ( n). The ſteam 
that paſſes from the boiler G H through the 
pipe GC, into the ſpace between the cylin- 
ders which forms the exterior compart- 
ment, 1 every part of that ſpace at 
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the boiling point, as long as a portion of un- 
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condenſed vapour iflues from the pipe B. 


Upon the veſſel A C is inverted another 


double veſſel E D, conſiſting of the interior 


and exterior cylinders E A D F, and r þ s 9, 
which are joined at the lower extremity p 9. 
In this veſfel, therefore, there are alſo two 
compartments, one of which is formed by 
the - ſpace between the cylinders, which is 
open at its ſuperior extremity E F, and the 


other by that included within the interior 


cylinder ; which being cloſed at its ſuperior 
extremity (7,5), and open below, communi- 
cates with the interior compartment of the 
lower veſſel. The exterior compartment of 
the upper veſſel is filled with pounded ice, 
which is conſequently applied to the external 
ſuperficies of the interior cylinder, as well 


as 


to its bottom, (7 s), being introduced in 


ſuch a quantity as compleatly to 9 he 
cavity e 5 rs 9. 


The two interior cylinders Im n 0 and 


? r.59, are equal in ſize. Between the ſuperior 
and inferior veſſels, for the purpoſe of inter- 
rupting the ſudden. communication of the 
heat, is Placed a thin flat annular piece of 
cork, on which the ſuperior veſſel reſts, the 


diameter 
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tliameter of the cork being equal to the 
breadth of the inner compartment. 

The exterior cylinder AE F D of the up- 
per veſſel, is continued as far as the points A 
and D; and the outer ſurface of this veſſel, 
being broader than that of the inferior one, 
by the above-mentioned continuation, a cavity 
is formed, which is filled with plaſter of 


Paris; and thus the two veſſels are cemented 
together. Through a perforation in the cork 


placed between. the veſſels, a ſmall tube paſſes, 
one extremity, of which opens at the point o, 
into the compartment formed by the interior 
cylinders ; and the other extremity extending 
through the plaſter of Paris, reaches to a 
ſmall diſtance beyond the outer cylinder of 
the ſuperior veſſel. In this tube a thermo- 


meter (t v) is inſerted, which has the mer- 


cury contained in a thin cylinder, nearly 
equal in length to the tranſverſe diameter of 
the inner compartment. 

As the interior cylinders are equal in ſize, 
and as the lower veſſel is kept in all its parts 
at the boiling, and the upper veſſel at the 
freezing point, it may be inferred, that the 


thermometer (? v), which paſſes horizontally 


n, the center of the ſpace intercept- 
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ed between the cylinders, and which is 
conſequently expoſed to equal ſurfaces at 32 
and at 212, will acquire a degree of heat that 
18 preciſely the arithmetical mean between 
thoſe points; and if the fluid in the thermo- 
meter indicate likewiſe the arithmetical mean, 
we may conclude, that the expanſion and the 
heat acquired are proportional to each other. 
The veſſel that has the temperature of 32, is 
placed over that which is at the boiling point, 
in order that an uniform diffuſion of the heat 
may be produced, by the cold air deſcending 
from above, and intimately mixing with the 
warmer air below*, _ 98 
The 


* Upon a principle ſimilar to that which has been em- 
ployed in the apparatus deſcribed above, I have contrived 
an inſtrument, by means of which fixed temperatures 
may be obtained at all the intermediate degrees of heat 


between the freezing and boiling points of water. 
This inſtrument, like that which has been now der 


| ſcribed, conſiſts of two double veſſels, one of which is 


inverted upon the other, the ſuperior being kept at 32 
by 1 means of pounded ice, and the inferior at 212 by the 
ſteam of boiling water. The interior cylinders of theſe 
veſſels are formed of braſs poliſhed in the inſide ; and in 
each eylinder a moveable piſton is placed ; that which is 


inſerted in the upper being kept at 32, and that in the 


lower at 212. Hence it is manifeſt, that by changing 


— 
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The relation between the expanſions of 
mercury and the real increments of heat, as 
determined by this apparatus, will appear 
from the following experiment. 


Exp E RIMENT VIIL 


The cylindrical mercurial thermometer de- 
ſcribed above, was inſerted by means of a 
cork in the tube g, and the middle point 
of the cylinder containing the mercury was 
made to coincide as nearly as poſſible with - 


the relative poſitions of the piſtons, the proportions of the 
- ſurfaces at 32 and at 212, Which are intercepted een 
them, may be varied at pleaſure. 

When each piſton is raiſed to the upper extremity of 
the cylinder in which it is contained, we ſhall then have 
the whole of the ſuperior cylinder, which is at 32, expoſed 
to the action of the inferior piſton at 212. If we wiſh to 
have a degree of heat lower than this, two braſs plates, 
having the temperature of 32, may be introduced hori- 
zontally at the bottom of the upper cylinder, and may be 
gradually made to ſlide over the ſurface of the lower 
piſton, until at length they meet. Each of theſe plates 
ſhould conſiſt of two parallel plates, which are placed at 
a little diſtance from each other, and which are joined at 
their extremities by croſs plates, the ſpace intercepted 
between them being filled with pounded ice, for the pur- 

- 24 : poſe 
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the center of the ſpace included within the 
interior cylinders. The exterior compart- 
ment of the upper veſſel was then filled with 
ſnow at 32, and the outer compartment of 
the lower veſſel was raiſed by the ſteam of 
boiling water to 212. In a ſhort time the 
thermometer roſe to 121, where it remained 
without variation during the ſpace of 15 
minutes, the experiment being then diſcon- 
tinued. When this experiment was made, 
the barometer ſtood at 29.6. The boiling 


point of the thermometer had been taken 
when the barometer was at 3o inches. 


poſe of retaining them at the fixed temperature of 32. 
By this means, a ſmaller portion of the ſurface of the 
lower piſton will be expoſed to the upper cylinder, in pro- 
portion as the plates approach towards each other, and 
when they meet, it will be wholly covered by them. The 
air in the upper cylinder will be then reduced to the 
freezing point, as it will be entirely ſurrounded by ſurfaces 
at 32. A fimilar apparatus may be employed to raiſe the 
air in the lower cylinder, by regular gradations, to the 
temperature of 212. 

It is manifeſt that, upon the ſame principle, by means 
of the freezing, and boiling, poinrs of other ſubſtances, 
inſtruments may be made for exhibiting fixed degrees of 


heat, which ſhall comprehend a much larger ſcale than 
the inſtrument now deen 


12 
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'In Eiperle III. the deviation of the 
mercury from the arithmetical mean was . 55 
of a degree; the difference of temperature 


between the hot and cold water, previouſly 
to the .mixture, having been nearly 100 de- 


grees. Hence we may infer, that if the dif- 
ference of temperature had been 180, the 


deviation would have been .99, which coin- 


cides very nearly varth the reſult of the fore- 
goin g experiment. 


When this experiment was e with 


unequal ſurfaces, the central heat was not 
found accurately to vary with the ſurfaces; 


the effect produced by the ſmaller ſurface 
being comparatively greater than that pro- 
duced by the larger. For when the ſurface 


. at 32 was ſo diminiſhed as to become one 


half of that at 212, the heat at the centre, 
as might be expected, was increaſed ; but 
the increaſe of the central heat was leſs than 
the diminution of the cooling ſurface. On 
the contrary, when the ſurface at 212 was 
diminiſhed till it became one half of that at 


32, the diminution of the central heat was 


leſs than that of the heating ſurface. The 
reaſon of which ſeems to be, that the ſupe- 
rior and inferior ſurfaces have greater power 

in 
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in heating or in cooling the air than the 
lateral ſurfaces. For a current of warm air 
is continually aſcending, by the lateral ſur- 
faces, and a contrary current of cold air is 
deſcending 'through the centre, as I have 


found by experiment; and the force with 


which theſe currents are impelled againſt the 
ſuperior and inferior ſurfaces, by, increaſing 
the points of contact, increaſes the heating 
and cooling powers. In theſe experiments 
the capacity of the leſſer veſſel was diminiſhed 


by ſhortening its lateral ſurface : hence the 


perpendicular altitudes of the two veſſels 
were unequal, but their breadth was the 


fame, and conſequently the ſuperior and in- 


ferior ſurfaces, on which the heating and 
cooling power principally depended, being 
equal, the heats did not vary in proportion 
to the variation in the ſize of the veſſels. It 


is proper to add, that the refri gerating power 


of the colder ſurface was found to be ſome- 
what greater than the heating power of the 
warmer, in ſimilar circumſtances, The 


cauſe of this difference it is difficult to de- 


termine; but from whatever cauſe it may 
have ariſen, it leads to the following con- 


cluſion: fince it is found that in ſimilar cir- 


cumſtances, 
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cumſtances, when the ſurfaces are unequal, 
the refrigerating power of the colder, is greater 
than the heating power of the warmer ſur- 
face, it may be inferred, that if the ſurfaces 


be made to approach towards equality, the 
effect produced by the colder ſurface will not 
in any intermediate point be leſs than that 


produced by the warmer. Hence we may 
conclude with certainty, that when the ſur- 
faces become equal, the real heat applied to 
a thermometer that paſſes horizontally through 
the centre of the apparatus, will not be greater 


than the true arithmetical mean between the 


freezing and boiling points. 
It 1s poſſible, however, that it may be; a 


little leſs ; for the refrigerating power of the 


ice in melting, may be greater than the heat- 
ing power of the ſteam during its condenſa- _ 
tion. But it is, I think, evident, that the 
deviation produced by this cauſe, ſuppoſing 
it to exiſt, muſt be inconſiderable : for in 
order that two ſubſtances ſhould tranſmit 
heat unequally, it is neceſſary either that 
their magnitudes, conducting powers, or ca- 
pacities for heat ſhould be unequal, or that 


the differences between their heats, and thoſe 


of the ſubſtances with which they are in 
3 contact, 


- 
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contact, ſhould be unequal. But in the above 
apparatus the heat paſſes from the ſteam to 
the ice, through ſubſtances which have equal 
magnitudes, capacities, and conducting pow- 
ers. If, therefore, in the experiment in queſ- 
tion, the heat had been tranſmitted unequally, 
the difference between the temperature of the 
ſuperior cylinder and of the ice muſt have 
been greater or leſs than the difference be- 
tween the temperature of the inferior cylin- 
der and of the ſteam: that i is, the inferior 
cylinder muſt have been more or leſs heated 
by the ſteam, than the ſuperior cylinder was 
cooled by the ice. But as the cylinders are 
good conductors of heat, and are cloſely in 
contact with the ice and ſteam, which have 
fixed temperatures, it is evident, that they 
muſt acquire very nearly the temperatures 
of 32 and 212. If, however, from the 
greater refrigerating power of the ice, we 
conceive the difference between its tem- 
perature and that of the ſuperior cylinder, to 
have been half a degree leſs than the difference 
between the temperature of the ſteam and 
of the inferior cylinder, the real heat at the 
centre would not be reduced by the opera- 
tion 
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tion of this cauſe more than a ge of a 
degree below the arithmetical mean. 
The thermometer in Experiment VIII. 
ſtood at 121, which was one degree leſs 
than the arithmetical mean. And fince it 
has been ſhewn, that the real heat, at the 
centre of the apparatus, in that experiment, 
was not greater than the arithmetical mean, 
and that it did not deſcend below it more 
than £ of a degree, we hence conclude, that 
the 1 in the experiment in queſ- 
tion, did not deviate from the real heat more 
than one degree, nor leſs than + of a degree. 
It is proper to obſerve, that the boiling 
point of the cylindrical thermometer uſed 
in this experiment, was taken by immerſing 
it in boiling water, when the barometer 
ſtood at 30 inches, the cylinder and a ſmall 
part of the tube, being covered with the 
water. Now if we ſuppoſe the expanſions 
of mercury accurately to correſpond with the 
real heats, it is manifeſt that a thermometer, 
which is thus graduated, muſt obſerve a de- 
' creaſing progreſs, compared with the incre- 
ments of heat. This clearly appears from 
the experiments and obſervations contained 
in Mr, Cavendiſh's excellent paper on the 


method 
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method of graduating thermometers*. For 
let a thermometer, graduated as above, be 
conceived. to be immerſed m water at 32, 
the air in the room being alſo at 32, and 
let the tube be ſank to ſuch a depth in the 
water, that the ſurface of the latter ſhall co- 
incide with the 32d degree of the thermome- 
ter. If the temperature of the water be gra- 
dually increaſed, the thermometer being kept 
in the ſame poſition, a portion of the mer- 
cury will riſe above the ſurface; and if at 
the ſame time the temperature of the air be 
not increaſed, that portion of the mercury 
which is expoſed to its influence will have its 
expanſion diminiſhed, | 
Let the water, for example, be raiſed to 33, 
the air remaining at 32: it is manifeſt, that 
the mercury, which, by its aſcenſion in the 
tube, is now expoſed to the influence of the 
air, will be leſs expanded than if it were 
wholly immerſed in the water T. i 


* See e Tranſactions, Vol. LXVI. p. 


380. 
See the Report of the Committee for. adjuſting 
Thermometers, publiſhed in the Philoſophical Tranſ- 
actions, Vol. LXVII. p. 316. 
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| If the difference between the temperatures 


of the air and water be increaſed, the dimi- 
nutions produced in the expanſion of that 


part of the mercury which is ſurrounded by 
the- air will hkewiſe increaſe. And henee, 
in proportion as the thermometer riſes, 


greater quantities of heat muſt be continu- 


ally added to the water, in order to produce 
equal expanſions in the mercury. The latter 
will therefore obſerve a decreaſing progreſs, 
compared with the increments of heat. 


Agrecably to this I have found, that when 
the cylinder and tube uſed in Experiment VIII. 


were completely ſurrounded with ſteam, ac- 
cording to the method recommended by Mr. 
Cavendiſh, the mercury roſe nearly a do- 
gree and three fourths above the boiling 


point, which had been taken in the common 


method. And the ſame thermometer, at the 
intermediate diviſion between the freezing 
and boiling points, ſtood nearly one degree 
lower than a thermometer which was gra- 


duated according to Mr. Cavendiſh's ideas, 


and which was completely immerſed in 
Water. 

If allowance be made for this error, it will 
follow, that in Experiment VIII. the mer- 


curial | 
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curial thermometer indicated very near! y the 
arithmetical mean. 

The thermometers employed in the EX= 
periments with warm and cold water, re- 


eited above, were reduced to the ſame ſcale, 


by comparing them with a ſtandard, which, 
as well as that uſed in Experiment VIII. 
had the boiling point taken when the baro- 
meter ſtood at 30 inches, the bulb and a 


ſmall portion of the tube being immerſed 


in the water. Theſe thermometers muſt, 
therefore, as was already ſhewn, neceſ- 
farily obſerve a decreaſing progreſs, compared 
with the real increments of heat. And hence 
we find, that, in the experiments alluded to, 


the thermometer which was employed to de- 
termine the temperature of the mixture, ſtood 


a little lower than the arithmetical mean. 
When this error was corrected, it appeared 


that the preciſe arithmetical mean was very 
nearly indicated in thoſe experiments. 


In making experiments on the heat of 
fluids, the cauſe of error now explained may 
be entirely avoided, by graduating the ther- 
mometer according to the method recom- 


mended by Mr. Cavendiſh, and by im- 


merſing it, in each experiment, to a __ 7 
equi 
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equal to the elevation of the mercury. But 
in many experiments this is attended with 
great inconvenience, and in ſome it 1s 
impoſſible. e 

If the thermometer * ae in Mr. 


Cavendiſh' $ method, and it be not in each 


experiment entirely i immerſed, the error will 
be increaſed : it will fall more below the real 


heat, than if a thermometer made in the 


common way had been employed. 

It ſeems beſt, therefore, in experiments that 
do not admit of a total immerſion, to employ 
thermometers graduated in the common me- 
thod, and at the ſame time to find the boiling 
point by the method which Mr. Cavendiſh 


has propoſed. And thus, as has been ſhewn 


by that philoſopher, a ſcale of the errors may 
be formed, by which we ſhall be enabled to 
make a near approximation to the truth. 
But this ſcale of errors will not be perfectly 
accurate, unleſs in all experiments, the ther- 
mometer be immerſed to the ſame depth, and 
the air have the ſame temperature that it had 
when the boiling point was originally taken. 
The inaccuracies, however, produced by 
changes of temperature in the air, if the 


experiments be not made in the extremes of 
E heat 
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heat or cold, will be inconſiderable ; - and it 
is poſſible to make an additional ſcale of the 
errors ar iſing from that cauſe, which may be 
employed i in experiments that require very 


great accuracy. 


The reader will obſerve, that 1 5a dif- 


ference of nearly two degrees between the 


general reſult of the foregoing experiments, 
and thoſe of Mr. De Luc on the ſame 

fubject. | 
According to that philoſopher, the mer- 
curial thermometer, when it has acquired 
the degree of heat which i is the arithmetical 
mean between the freezing and boiling points, 
ſtands at 38.6 of his ſcale, which is 118.8 f 
of Fahrenheit's. By the experiments related 
above it ſtands at 121. The cauſe of this 
difference cannot eaſily be determined with 
certainty. Mr. De Luc himſelf ſuppoſes, 
that the real deviation from the arithmetical 
mean 1s not altogether ſo great as it appeared 
in his experiments, a ſmall error being con- 
ceived to have ariſen from the evaporation of 
the heated water, and allowance not having 
been made, excepting in one experiment, for 
the refrigeration produced by the external 
air, In the expcriments with warm and 
cold 


Jos. 
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cold water recited above, particular attention 
was paid to theſe circumſtances; and as the 


thermometers which I employed were made 


with great care, and were reduced to a com- 


mon ſeale, by comparing them with an accu- 
rate ſtandard, I cannot help conſidering the 
reſults of theſe experiments as approaching 
nearly to the truth. And I am much con- 
firmed in this concluſion, by their coincidence 
with Experiment VIII. which was made in 


ſuch different circumſtances, and in a man- 


ner ſo little liable to error. 
The following experiment was made to 


determine the relation between the expan- 


fions of water and the increments of heat, 


by means of the apparatus 1 uſed in e 


ment VIII. 


* 


EXPERIMENT IX. 


A water thermometer, that had the wa- 


ter contained in a thin flat tube, was inſert- 


ed in the apparatus, the center of the tube 


being made to coincide with the center of 


the ſpace intercepted between the interior 
cylinders, as in the former experiment. 


8 In 


— — 
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In the courſe of a few minutes the water roſe 
to 78, where it remained without variation. 
For the purpoſe of making this thermo- 


meter, a tube was choſen which was nearly 


accurate, and the ſlight inequalities that oc- 
curred in it were compenſated by the ſize 
of the diviſions in the ſcale. . The water, 


previouſly to its introduction into the tube, 


was freed. from. air, that it might bear-the 
temperature of 212. It had the. boiling 
point taken when the barometer was at zo, 
and the freezing point was found, by im- 
merſing it in water, cooled to 32. 

The reſult of this experiment very nearly 
correſponds with that of Mr. De Luc on 
the ſame ſubject. For by Mr. De Luc's 
experiment, when the mercurial thermome- 
ter ſtood at 40 of his ſcale, (equal to 122 of 
Fahrenheit's) the water thermometer ſtood at 
20. 5 of his ſcale, which was Ho Pn 5 
of Fahrenheit's. 

From Experiment VIII. it appears, that 
when the mercurial thermometer is expoſed 
to a degree of heat that is intermediate be- 
tween the freezing and boiling points of 


water, it indicates very nearly the arithmeti- 


cal mean. Hence we may conclude, with 
10 ] great 
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great | probability, that the expanſions of 
mercury are proportional to the quantities of 
heat applied, and conſequently that the mer- 
curial thermometer is an accurate meaſure of 
heat. And this concluſion 1 is, I think, con- 
firmed by the coincidence between the above- 
mentioned experiment, and thoſe with warm 
and cold water formerly recited. = 

It moreover appears from Experiment IX. 


that the expanſions of water do not corre- 
ſpond with the real increments of heat, the 


deviation from the arithmetical mean be- 


tween the freezing and boiling points, in that 
experiment, TOY 44 ps. of PF ahrenheit $ 
ſcale. 

5. The capacities of bodies for contain- 
ing heat are nearly permanent, as long as 
they retain the ſame form. 

The capacity of a body for heat is ſaid to be 
permanent, when the ſame quantity of abſolute 
heat which raiſes it one or two degrees, as 
meaſured by an equidifferential thermometer, 
at a given temperature, will raiſe it an equal 
number of degrees at all other temperatures, 
On the contrary, the capacity is ſaid to be 
increaſed or diminiſhed, by an alteration of 
temperature, when in conſequence of ſuch 

* = 
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an alteration a greater or a leſs quantity of 
abſolute heat muſt be applied to it, in order 
to produce an equal effect upon the n 
mometer. | 

It has been proved by. Experiment VIII. | 
that the mercurial thermometer is nearly an 
agcurate meaſure of heat; and from the ex- 
periments with warm and. cold water, it ap- 
pears, that when equal portions of this fluid 
are mixed together at different temperatures, 
the mercurial thermometer indicates very 
nearly the arithmetical mean. Hence it fol- 
lows, that the capacity of water is permanent, 
in all the intermediate temperatures, between 
the freezing and boiling points. For if, by 
augmenting its ſenſible heat, the capacity of 
water were increaſed, an equidifferential 
thermometer, in experiments ſimilar to thoſe 
recited above, would point to more, and if 
diminiſhed, to 4% than the arithmetical mean. 
The truth of this will appear from the 
following Prapoitions, 


PRoPosITIioN I. 


Tf two equal portions of the ſame fluid be 
mixed together at different temperatures, the 
heat 
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beat win be equally: divided W them; 
or, in other words, the. quantity of abſolute 


heat imparted by the warmer to the colder 


fluid, will be half the difference 'of the 897 
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rate heats. 5 ah 
There are three caſes of this" pro ö 


* The capacity of the fluid may be cu 
tinually increaſed ot continually diminiſhed 
by an augmentation of temperature. 2. Tt 


may be alternately increaſed and diminiſhed. 


30 The capacity may remain permanent in 


all temperatures, while the fluid retains the 
ſame form 1 


* In the two Give of the . caſes, the racktion 


of capacity is ſuppoſed to be gradual. It is poſſible, how= 
ever, that the capacity of a body may be ſuddenly varied by _ - 
a change of temperature. Thus jt has been proved by Dr. 
Irvine, that when water has arrived at the boiling point, 


it undergoes an inſtantaneous change of capacity in the 
moment of its, converſion into yapour. But the ſuppoſi- 


tion of a ſudden variation of capacity cannot have place 
in the preſent inſtance; becauſe when the capacities of 


bodies are ſuddenly varied by an alteration of temperature, 
they are found to ſuffer a change of form, as appears from 


. the diſcoveries of the above-mentioned philoſopher. And 


conſequently, if the temperature be altered while the form 


continues the ſame, the capacity muſt either be permanent, 


or it muſt be * increaſed or diminiſhed. 
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Cafe 1. Let A and B be equal portions 
of, any fluid, the capacity of which is con- 
ceived. to be continually increaſed by a gra- 
dual augmentation of its temperature. Let 
the part A be ſuppoſed to have a higher tem- 
perature. than the part B. It is affirmed, 
that if B and A be mixed together, and 
brought to a common temperature, A will 
communicate. to B one half of the dog of 
its heat above the original heat of B. 

For let the temperatures of A and B (ſes 
51 * fig. 2 and 3.) be repreſented by the 
lines CH and LM; and let the ordinates 
u v, wx, y E, and 4b, c d, ef, be drawn re- 
preſenting the capacities at different tempera- 
tufes, the capacities at the point of total pri- 
vation being expreſſed by t the lines BC, KL; 
and let BG and K I be the lines joining the 
Extrotitaties of the ordinates. 

I was obſerved above, that the quantities 
of abſolute heat in bodies are proportional 
to the rectangles under the capacities and 
temperatures eſtimated from the point of 
total! privation, If, therefore, the lines C H, 
L M, repreſent the temperatures, and the 
lines HG, MI, the capacities, the abſolute 
heats will be repreſented by the rectangles 

| HR, 
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HR, Ma. When the bodies are mixed 
together, and brought to a common tempe-. 
rature, let the heat of A be diminiſhed by 


the figure HER, and let that of B be in- 
creaſed by the figure O IP; and ſince the 


heat which is taken from A is the ſame with 
that which is added to B, it is manifeſt; that 
HE R mult be equal to O IP. From the 
third general fact, it is evident, that when 
A and B are brought to the ſame tempera- 
ture, they contain equal quantities of abſolute 
heat. Therefore the figure F CSE, is equal to 
the figure OL PN. For the ſame reaſon the 


figure DT is equal to the figure MQ; con- 


ſequently the remainder OI P or HER is 


equal to the remainder FAS. That is, A 


communicates to B one half of the exceſs of 


its heat above the original heat of Ex. 


* In the reaſoning which has been employed to eſtabliſh 
the above propoſition, it is taken for granted, that no part 
of the heat which is abſorbed by bodies, in conſequence 
of an increaſe of capacity, enters into a chemical union 
with them. | 

The opinion of thoſe _hiloſophers hs e that 
elementary fire is capable of chemically combining with 
bodies, does not appear to be founded upon deciſive ex- 


periments. I ſhall endeavour to ſhew in the ſequel, 


that we have no ſufficient evidence for believing that 
bodies do, in any inſtance, enter into this peculiar mode 
of combination with that element. 

If 
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If, therefore, any fluid have its capacity 
continually augmented by an increaſe of 
temperature, and if equal portions of this 
fluid be mixed together at different tempera- 
tures, the quantity of abſolute heat imparted 
by the warmer to the colder fluid will be half 
the difference of the ſeparate heats. 47 
In like manner it may be proved, that if 

a fluid have its capacity continually dimi- 
niſhed by an increaſe of temperature, and if 
equal portions of it be mixed together at 
different temperatures, the heat will be cqually' 
divided between them. 
Tf the capacity be alterhately increaſed and 
diminiſhed by augmenting the temperature, 
as in the ſecond caſe, the line joining the ex- 
tremities of the ordinates which repreſent the 
capacities will be a waving line. If the ca- 
pacity continue permanent, as in the third 
caſe, it will be a ſtraight line. The demon- 
ſtration of theſe caſes is the ſame with that 
of the firſt. We may therefore conclude 
univerſally, that if two equal portions of the 
ſame fluid be mixed together at different tem- 
peratures, the quantity of abſolute heat com- 
| municated by the warmer to the colder fluid, 
will be half the difference of the ſeparate 


heats. 


PRo- 


* 
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PROoOSITToR . 


Ia fluid have its capacity continually in- 
creaſed by an augmentation of temperature, 


and if equal portions. of that fluid, having 


different temperatures, be mixed together, 
the temperature of the mixture, as meaſured 


by an equidifferential thermometer, will be 


greater than the arithmetical mean: or in 


other words, the ſenſible heat imparted; by 
the warmer to the colder fluid, will be more 


than half the difference of the ſeparate heats. 

For as the capacity of the fluid increaſes 
with the temperature, the quantities of ab- 
ſolute heat which are required to produce 
equal alterations of temperature will be con- 


tinually increaſing. Conſequently, if the 


difference between the temperatures of the 
warmer and colder fluid be conceived to be 
divided into two equal parts, that is, if DF 
be equal to FH, (ſee plate I. fig. 2.) the 
quantity of abſolute heat required to raiſe 
the fluid from D to F, will be leſs than that 
required to raiſe it from F to H. From 
which it follows, that if the line DH, repre- 
ſenting the exceſs of the temperature of the 

2 warmer 
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warmer above that of the colder fluid, be con- 
ceived to be ſo divided in the point F, that the 
quantity of abſolute heat which raiſes the 
fluid from D to F, ſhall be equal to that 
which raiſes it from F to H, HF muſt be 
leſs than FD. Hence if we take from the 
warmer fluid a quantity of heat, by which 
the exceſs of its abſolute heat above that 
of the colder, ſhall be diminiſhed one half, 
the clifference of temperature will be dimi- 
niſhed 4% than the half. In like manner it 
may be proved, that if we add to the colder 
fluid a quantity of abſolute heat, equal to 
that which has been taken from the warmer, 
or to half the difference of the ſeparate 
heats, its temperature will be augmented 
more than the half. But it was before ſhewn, 
that when the fluids are mixed together, the 
quantity of abſolute heat which the warmer 
imparts to the colder, is precifely half the 

difference of the ſeparate heats. From which | 
it follows, that the diminution in the tem- 
perature of the warmer fluid will be leſs than 
the increaſe in that of the colder, and hence 
the temperature of the mixture wh be Seeler 


than the arithmetical mean. 
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ſhewn, that if a fluid have its capacity con- 


tinually diminiſhed by an increaſe of tempe- 


rature; and if equal portions of that fluid, 
having different degrees of ſenſible heat, be 
mixed together, the temperature of the mix: 
ture will be leſs than the arithmetical mean. 
If the capacity were irregularly changed 
by an alteration of temperature, being in 
ſome parts of the ſcale increaſed, and in 
others diminiſhed ; and if the warmer fluid, 
previouſly to its mixture with the colder, 
were raiſed to a variety of different tempera- 
tures in a ſeries of experiments ſimilar to 
thoſe recited above; in that caſe, an equi- 
differential thermometer would, in ſome ex- 
periments, indicate more, and in others leſs, 
than the arithmetical mean. Tex 94h 
It appears, however, that in Experiments 
I, II, III, and IV. the arithmetical mean 
was very nearly indicated by the mercu- 
rial thermometer. And from Experiment 
VIII. it is inferred, that this inſtrument is 
nearly an accurate meaſure of heat. And 
ſince it has been ſhewn, that if the capacity 
of water were either regularly or irregularly 


varied 
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varied by an alteration of temperature, a 


thermometer which was an accurate meaſure 


of heat, would, in thoſe experiments, have 
indicated more or leſs than the arithmetical 
mean, it follows, that the capacity of this 
fluid is permanent in all temperatures be- 
tween the freezing and boiling points. 
I may add, that the truth of theſe conclu- 
fions is much confirmed by the coincidence 
between the reſults of the above-mentioned 
experiments, and that of experiment VIII. 
For if we ſuppoſe the capacity of water 
to vary in different temperatures, the reſults 
of the firſt ſeven experiments will oblige us 


to have recourſe to the very improbable ſup- 


poſition, that theſe variations are preciſely ' 
balanced by contrary variations in the expan- 
fions of mercury. And again, if we imagine 
the expanſions of mercury to vary, the reſult 
of the 8th experiment obliges us to ſuppoſe, 


that this variation 1s balanced by a deviation 


of the true heat, at the center of the apparatus 
uſed in that experiment, from the arithmeti- 
cal mean; which is alſo very improbable. 
But that a deviation from the true heat ſhould 
moreover take place in the center of this ap- 

— paratus, 


vrox AxMAL HeaT, &c. 63 
paratus, preciſely. equal to the ſuppoſed va- 
riations in the capacity of water, implies ſuch 
a coincidence of improbable events, that I 
think the contrary may be confidered' as 
certain. 

The permanency of the man of water 
being proved, and the mercurial thermome- 
ter being ſhewn to be an accurate meaſure 
of heat, the influence of a change of tem- 
perature upon the capacities of other bodies, 
may be determined by comparing them with 
water as a ſtandard. To illuſtrate this, let 
equal bulks of water and iron be ſuppoſed 
to be mixed together, the latter having a 
higher temperature than the former by fifty 
degrees. Let them be conceived to be mixed 
a ſecond time, the exceſs of temperature in 
the iron being 100 degrees ; and let the ſen- 
ſible heat loſt by the iron in the firſt inſtance 
be equal to that gained by the water. * 
the capacity of iron be permanent; the ſen- 
ſible heat which it loſes in the ſecond in- 
ſtance will alſo be equal to that which the 
water receives; but if its capacity be in- 
creaſed, the diminution of temperature in the 
iron will be leſs, and, if diminiſhed, greater 

than 


* 
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100 than the augmentation of temperature in tlie 
| Y. water. * 
"ll I Have mixed moſt of the metals and their 
1 ealces with water at different temperatures; 
ll and from the general reſult of my experi- 
if ments on this ſubject, I have the utmoſt rea- 
Will ſon to believe, that the capacities of bodies, 
#7 'while they retain the ſame form, are not 
il able to be varied by a change of temperature. 
1 For though many of the trials did not cor- 
4 reſpond accurately with that ſuppoſition, yet 
9 they agreed more nearly with it, than with 
1 any other. From which we may infer, One 
00 10 the ſuppoſition is true. 
WIT It is upon a mode of reaſoning ſimilar to 
* fl this, that moſt of our conclufions are found- 
4 | ed, reſpecting the exiſtence of general laws. 
0 i Aſtronomers, for example, do not conclude, 
1 that the heavenly bodies move in elliptical 
Ht orbits, becauſe their obſervations indicate 
Witt that path preciſely; but becauſe they approach 
. N more nearly to it, than to the circular, or to 2 
| 15 any other line of motion. At the ſame tine 
55 it muſt be acknowledged, that though per- a 
1 fect accuracy cannot be attained, yet in pro- f 
| Wo! portion as experiments make a nearer ap- 
proximation to that pou the inferences de- ' 


duced 
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duced from them will be more! certain, and: 


fs labour will be required it in N n 
to firſt principles. fre | 55 
From the foregoing experiments ian! 682 
ſervations, we may conclude in general; that' 
the capacities of bodies which retain” the 
ſame form, are permanent in the intermediate 
temperatures, between the freezing and boil- 
ing points of water. Hence we may in- 
fer by induction, that the ſame law obtains 


throughout the whole of the ſcale of heat. 


The reliance Which we are diſpoſed to 
place upon the evidence of inductive reaſon- 
ng, is confirmed by the univerſal experience 
of mankind, which proves that the opera- 
tions of nature are ſimple and uniform, that 
ſimilar effects proceed from the agency of 
ſimilar cauſes, and that all the phænomena 
of the univerſe, as far as'they fall within the 
reach of human obſervation, are governed 
by general laws. Thus if it be found by 


experiment and obſervation, that the forces 


of the ſun's attraction to ſome of the planets 
are inverſely as the ſquares of the diſtances, 
we infer, from the ſimplicity of the opera- 
tions of nature, that this law prevails through- 
out the whole of the planetary ſyſtem, and 

FE”. governs 
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governs the motions of all the bodies that 
revolve around the ſun as a center. In like 
manner if it be found, in thoſe temperatures 
which come within the reach of our obſerva- 
tion, that while the forms of bodies con- 
tinue the ſame, the capacities are perma- 
nent, we conclude by induction, that this is 
a general law of nature, which extends 
throughout the whole of the ſcale of heat, 
even to the point of total privation. 

As this concluſion is founded upon an 
extenſive ſeries of experiments, and as it 
affords a ſimple interpretation of the phe- 
nomena, it may, I think, be conſidered as a 
legitimate induction. And if any deviation 
from the general law ſhould afterwards ap- 
pear in particular inſtances, it muſt be ad- 

' mitted with ſuch exceptions as occur *. 

By the permanency of the capacities of 
bodies for heat, we are enabled to account 
for the regularity with 'which they give off 
heat when placed in a cold medium. 
© The laws of the refrigeration of heated 

Is bodies were firſt inveſtigated by Sir Iſaac 
Newton. T his illuſtrious philoſopher ſup- 
poſed, with great probability, that the quan- 


* Sce Newton's Optics. 3 
titles 
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tities of heat loſt by a body in ſmall portions - 
of time, would always be proportional to the 
exceſs of its temperature above that of the 
ſurrounding medium. Thus, if the heated 
body - were 180 degrees warmer than the 
atmoſphere, the quantity of heat which it 
would loſe in a given moment, would be 
double that which it would loſe in an equal 
portion of time, if it were only 90 degrees 
warmer than the atmoſphere. From which 
it follows, that if the times were taken in 

arithmetical progreſſion, the decrements of 
heat would be in geometrical progreſſion, 
and the heats remaming, conſidered as the 

differences between the temperature of the 
body and of the external air, would alſo ob- 
ſerve the ſame law. 

Dr. Martine has ſhewn, that this rule, 
though nearly accurate, is not to be admitted 
without ſome reſtriction. From his experi- 
ments, compared with thoſe of Muſchen- 
broke, it appears, that the decrements are in 

© proportion ſomewhat greater than the re- 
maining heats, and conſequently the quan- F 
| tities of heat loſt are partly equable, and 
partly in geometrical progreſſion. 


F 2 | It 
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It appears, therefore, that bodies are cooled 
according to the ſame fixed laws: from which 
it follows, that we muſt either admit the ca- 
pacities to be permanent, or muſt have re- 
courſe to the very improbable ſuppoſition, 
that the changes of capacity produced by 


alterations of tem perature, are preciſely ſimi- 


lar in all the various claſſes of natural bodies. 

For if the changes of capacity were diſſi- 
milar, the laws of refrigeration would vary 
in different ſubſtances. To illuſtrate this, 
let B and C be two bodies, the former of 
which has its capacity uniformly diminiſhed, 
and the latter uniformly increaſed by a di- 


minution of temperature. If theſe bodies be 


heated and placed in a cold medium, the re- 
frigeration of the firſt will be propor tional to 
the joint eſfect of two cauſes which act in 
conjunction with each other: for B will be 
cooled both by the refrigerating power of the 
ambient medium, and by the abſorption of 
heat ariſing from the increaſe of its capacity: 

the refrigeration of the ſecond, on the con- 
trary, will be proportional to the difference 
between two cauſes which act in oppoſition 


to each other, for C will be continually de- 


prived of heat * the cooling power of the 
ſur- 


* 
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ſurrounding medium, and it will be eontinu- 
ally ſupplied with heat from an internal ſource, 


in conſequence of the diminution of its capa- 


city. Hence the cooling power of the am- 
bient medium, will in the firſt inſtance be 
aided by the abſorption of heat ; and in the 
ſecond inſtance, it will be counteracted by 
the exhication of that principle. The quan- 


 tities of heat loſt therefore by B, in ſmall in- 
tervals of time, will be in a greater propor- 


tion than the heats remaining, conſidered as 
the differences between its temperature and 


that of the external air; and the quantities 


loſt by C will be in a 1% proportion than the 
hearts remaining“. The laws of refrigera- 


tion in B and C will therefore be different. 
But theſe differences are not found to take 


Place in nature. 
It has moreover been proved, that the laws 
of the refrigeration of water, are the ſame 


with thoſe which obtain in the cooling of 


other fluid as well as ſolid ſubſtances. And 


* Iti is here ſuppoſed agreeably to the rule laid down by 
Sir Iſaac Newton, that if the capacities were permanent, 
the quantities of heat carried off by the ſurrounding me- 
dium in ſmall ſucceſſive intervals of time, would be in 
geometrical progreſſion. 
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ſince it has been ſhewn by experiment, that 


the capacity of water for containing heat is 
permanent, we may infer, that in other ſub- 


ſtances, while the forms are nn the 


capacities are alſo permanent. 
Future experimentaliſts may ben diſ- 


cover ſome exceptions to this law. From 
the cold produced by the ſudden expanſion 


of aerial fluids, 1t 1s probable, that the ca- 
pacities of thoſe ſubſtances are a little in- 
creaſed by an augmentation of temperature; 
but it will be ſhewn in the ſequel, that if 


' ſuch exceptions to the general law do exiſt, 


the effects which * produce are © Very in- 
conſiderable. . 


It was formerly proved, that in the ſame 


homogeneous bodies, if the quantities of 
matter be different, but the temperatures the 
ſame, the quantities of abſolute heat will be 
in proportion to the quantities of matter. 
It now appears, that in the ſame homogene- 
ous bodies, if the temperatures be different, 
but the quantities of matter the ſame, the 
form being ſuppoſed to remain unaltered, 
the quantities of abſolute heat will be in pro- 
| portion to the temperatures, as meaſured by 


an equidifferential thermometer, and com- 


5 puted 


r 
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puted from the point of total privation. 
Hence if the temperature of a body, eſti- 
mated as above, were to be diminiſhed the 
one half, or the one third, or in any given 
proportion, the abſolute heat would be di- 
miniſhed in the ſame proportion. 

6. When in conſequence of expoſu re to 
heat, bodies that were previouſly ſolid are 
converted into fluids, they abſorb a quantity 
of heat, which is neceſlary to their exiſtence 
in a fluid form, but which does not increaſe 
their temperature ; on the contrary, when 
the ſame bodies are re-congealed by expoſure 
to cold, they part with the heat which in 
the proceſs of melting they had formerly 


abſorbed, 


This important fact was obſerved by Mr. 
De Luc, in the years 1755 and 1756, as we 
learn from his work on the atmoſphere, and 


— Ie: 


from his late publication on meteorology. Tt 
appears to have been diſcovered nearly at the 


ſame time by Dr. Black of Edinburgh, who 
had no opportunity of becoming acquainted 
with what Mr. Luc had done, and who 
taught it publicly in his Chemical Lectures, 
as early as the year 1757 or 1758. It 18 
proper to add, that Dr. Black was the firſt 
F 4 5 who 
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who compleatly eſtabliſhed this diſcovery by 
a ſeries of ingenious and deciſive experiments. 
| Theſe experiments have lately been commu- 
nicated tc to the public by Mr. De Luc, in his 
excellent Treatiſe: on Meteorology ; and as 
they will throw much light on the ſubject of 
the following diſſertation, I ſhall lay a brief 
account of them before the reader *. 

Af a pound of water at 32, be mixed with 
an equal quantity of that fluid at 172, by an 
equidifferential thermometer, the tempera- 
ture of the mixture will be 102, which is the 
arithmetical mean between the heat of the 
warm water and of the cold. But if a pound 
of ice at 32, be mixed with a pound of water 
at 172, the temperature of the mixture will 
be 32. Hence it appears, that ice and water 
at the freezing point are very differently af- 
fected by heat. For in the firſt experiment, 
a quantity of heat which raiſed the thermo- 
meter 70 degrees, paſſed from the warm wa- 
ter into the cold, and by this heat the tem- 
perature « of the cold water was increaſed 70 
id ces. In the laſt experiment, a quantity 


'* Avery accurate account of the Doctrine of Latent 
| chat has been alſo publiſhed by Mr. Wilkie, in the Swediſh 
| TranſaQtions, See Acta Suec. 1772, p. 9. | 

| which 


- 
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«hich raiſed the thermometer 140 degrees, 
paſſed from the warm water into the ice, in 
conſequence of which the latter was melted, 
but its ſenſible heat was not increaſed, the 
temperature of the mixture being 32. Whence 
it follows, that, in the melting of ice, 140 
degrees of heat are abſorbed, which do not 
produce any effect upon the thermometer, 
and which, as far as reſpects that inſtrument, 


may be ſaid to exiſt in the water in an 


inſenſible ſtate. 
The heat which the water Ade when 


it acquires its fluid form, is again ſeparated 


from it by congelation, as appears from the 
following experiment. If a pound of water 
at 32, be mixed with an equal quantity of 
ice at 4, nearly 3 of the water will be frozen, 
and the temperature of the mixture. will be 


32., In this experiment 'the ice is raiſed 


from 4 to the freezing point: it is therefore 
evident, that by the congelation of nearly + of 
a pound of water, a quantity of heat is 
evolved, ſufficient to raiſe a pound of ice 30 
degrees. It is proper to obſerve, that the 


quantity of water frozen in this experiment, 


is ſomewhat leſs than 3 of a pound. Let it 
be conceived, however, for the ſake of illuſ- 
tration, 
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tration, to be preciſely that quantity. It is 
manifeſt, that if, by the congelation of 3 of 
a pound of water, a quantity of ben be 
detached, ſufficient to raiſe the ice in the 
above experiment 28 degrees, by the conge- 


lation of a pound of water, a quantity of 


heat would be detached, ſufficient to raiſe it 
ſive times 28 degrees. Allowance being made 


for the fractions, which have been neglected 


in this illuſtration, and for the different ca- 


pacities of ice and water, it will appear, that 
the heat which is extricated by the congela- 


tion of water, is preciſely equal to that which 
is abſorbed by the melting of ice. It is, 
indeed, perfectly agreeable to the ſimplicity 
of nature, that the heat which bodies ab- 
forb in conſequence of a change of form, 
mould re-appear when they undergo a con- 
trary change. 

Hence we may perceive the reaſon of the 
following phenomenon, which I believe was 
firſt obſerved by Dr. Black. If water that is 
freed from air, and which is perfectly at reſt 
be expoſed to the atmoſphere when it is colder 
than 32, it will fink ſeveral degrees below the 


freezing point, and at the fame time will re- 
tain its fluid form, no part of it being con- 


gealed. 
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gealed. If it then be ſlightly agitated, a por- 


tion of it will ſuddenly become ſolid, and the 
temperature of the mixture, now conſiſting = 


of ice and water, will riſe to 32. 

The reaſon is obvious: water expoſed to 
a degree of cold below 32, does not freeze 
without the concurrence of a ſlight agitation. 
When, therefore, water that had been pre- 
viouſly cooled below 32, is agitated, a part 
of it freezes, and the portion that becomes 
ſolid gives off a quantity of heat, ſufficient 
to raiſe the whole to the freezing point, 

If the quantity of water, and the tempera- 
ture to which it was reduced, previouſly to 
its agitation, be known; and if the quantity 
that is congealed, upon ſhaking it, be deter- 
mined, the degree of cold neceſſary to freeze 
the whole may be found. 

For the ſudden freezing of a part of the 
water in this experiment, ariſes from its hav- 
ing been reduced to a lower temperature 
than 32, prior to its agitation : and ſince 
effects are proportional to their adequate 
cauſes, it is manifeſt, that if the temperature 
of the water be more and more diminiſhed 
in different experiments, the quantity of ice 
produced by the agitation, will always be 

; pro- 
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proportional to the previous decrernent of 
the temperature below the freezing point. 


That is, if a decrement of temperature, as 10, 
below 32, freeze a quantity of the water, 
as 1, a double quantity will be frozen by a 
double decrement, and ſo in proportion. 
Let the quantity of water be called Q, let 
the degree of cold neceflary to freeze the 
whole be 8, let any other degree of cold leſs 
than 8 be 4, and let the ice produced by that 
degree be m. Then : d:: Q: 8; and 


if n, d, and Q be given, 8 will alſo be given, 


for it wil be equal to EN, That is, if the 
quantity. of ice produced as above by any 
given degree of cold, be determined by ex- 
periment, the degree of cold neceſlary to 
freeze the whole, may be found by calcula- 
tion. Whence the comparative heats of ice 
and water will alſo be given: for the com- 
parative heat of water will be to that of ice, 
as the degree of cold neceſſary to freeze the 
whole, is to the heat abſorbed 1 water in the 
melting of ice. 


It has alſo been 8 by Dr. Black, 
h 


at when water is converted into vapour, a 


quantity of heat is abſorbed, which is neceſ- 
7 ſary 
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fary to the exiſtence of the vapour in the 
form of an elaſtic fluid, but er does not 


increaſe its temperature. 


This ingenious bhiloſopher Was firſt led to 
the diſcovery of the abſorption. of heat by 
aqueous vapour, in conſequence of an unex- 
pected. appearance which occurred in an ex- 
periment made with water at a high tempe- 
rature. A quantity of that fluid having been 
raiſed in Papin's digeſter to a temperature 


many degrees above the boiling point, was 


ſuffered to communicate with the external air 
by opening a ſtop cock, upon which a part 
of it was inſtantly converted into vapour, 


and the water at the ſame moment ſank to 


212. Whence it was concluded, that the 
vapour produced in the experiment abſorbed 
a quantity of heat from the water, by means 
of which the temperature of the latter was 
ſuddenly reduced to the boiling point. The 
truth of this concluſion was afterwards fully 
eſtabliſned by the ſame philoſopher. 

The following experiments W n 
it deciſively. 

If eight pounds of the filings of iron at 
212, be mixed with a pound of water at 32, 
the temperature of the mixture will be nearly 


1223 
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122; the iron will be cooled 90 degrees, and 
the water heated 90. But if eight pounds 
of iron filings at 300, be mixed with a pound 
of water at the boiling point, the tempera- 


ture of the mixture will be 2 12, and a part 
of the water will be ſuddenly converted into 


vapour. If a very ſenſible thermometer be 
ſuſpended in ſuch a manner as to be in con- 


tact with the vapour that is thus produced, 
the latter will alſo be found to have the tem- 
perature of 212. In this experiment, 88 de- 
grees of heat are ſeparated from the iron, by 
which a portion of the water is elevated in 
the form of vapour, but its ſenſible heat is 
not increaſed, the mixture having the tem- 
perature of 212, and the vapour that eſcapes 
during the experiment being alſo at the boil- 
ing point. Hence, as the heat ſeparated from 
the iron is not communicated to the water, 
it muſt neceſſarily be abſorbed by the vapour. 
In this concluſion we are confirmed by ob- 
ſerving, that the heat which 1s thus abſorbed 
is again ſeparated from the vapour when it 
is condenſed. 

We are informed by Mr. De Bos, in his 
Treatiſe on Meteorology, that the quantity 
of heat produced by the condenſation of a 

ien 


'\ 
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piven weight of vapour, as determined by ; 
the experiments of Mr. Watt, would be ſuf- 
ficient to raiſe an equal weight of a non- 


evaporal ſubſtance having the ſame capacity 


with water, 943 degrees *. 

From the heat which is evolved in the 
freezing of water, we may perceive the reaſon 
why that fluid, when it is expoſed to a degree 


of cold lower than 32, and is at the ſame 


time gently agitated by the wind, ceaſes to 
cool as ſoon as it arrives at the freezing point, 
its temperature remaining ſtationary, until 
the whole is congealed. For it is well known, 
that 32 is the point at which water, in a ſtate 
of gentle agitation, becomes ſolid. When, 
therefore, it is reduced to that point, it 
begins to freeze, and conſequently to evolve 


heat. 


As the evolution of heat in this inſtance 
immediately depends upon the congelation, 
it is manifeſt, that the quantity of heat 
evolved in a given time, will be in proportion 
to the quantity of water congealed. But 
the congelation of the water ariſes from the 


refrigerating power of the ambient medium; 


* See Idees ſur la Meteorologie, tome premier, p. 224. ö | 
| the 


80 EXPERIMENTS AND OBSERVATIONS 


the quantity of water con gealed will therefore 
always be proportional to that power. If, 
for example, by expoſure to a medium 10 de- 
grees below the freezing point, a quantity, 
as 1, be frozen in a given time, by expoſure 
to a medium 20 degrees below the freezing 
Point, double that quantity will be ee 
in an equal time. - 

Whence it appears that water, in dogesl- | 
ing, is acted upon by two oppoſite powers; it 

is deprived of heat, by expoſure to a medium 

which has a lower temperature than 32; and 
it is ſupplied with heat, by the evolution of 
that principle in conſequence of the conge- 
lation. As theſe powers are preciſely equal 
to each other, the temperature of the freezing 
mixture muſt remain unvaried. 

In like manner as if water at the ſame 

moment be permitted to enter into a veſſel 

by one aperture, and to eſcape from it by 
another; and if the quantity which eſcapes 
be equal to that which enters, the height 
of the water in the veſſel will continue 
ſtationary. 

Hence alſo we may perceive the en 1 
why melting ice has a fixed temperature. t 
-Þ or ſuch 1 1s the nature of this ſubſtance, that 
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it cannot acquire a greater heat than 3a, 
without becoming fluid; and it was proved, 
that the water which is formed by the melt- 
ing of ice, abſorbs, at the moment of its 
formation, a quantity of heat which does 
not increaſe its temperature. 
When, therefore, i ice 18 placed ina medium 
warmer than 32, as it cannot riſe above that 
point without melting, the heat which it re- 
ceives will be wholly employed in changing 
it into a fluid, and will conſequently be ren- 
dered inſenſible. . 
To the operation of the ſame cauſes it is 
owing, that the temperature of water boiling, 
as well as of ſteam during its condenſation, 
is ſtationary, the abſorption of heat in theſe 
proceſſes being equal to the ſupply. Hence 
it may be inferred in general, that if bodies, 
while they are undergoing a change of form, 
in conſequence of expoſure to heat or cold, 
have a fixed temperature, they either abſorb 
or evolve heat. Moreover, if the tempera- 
ture remain fixed, while the body is expoſed 
to a cold medium, we may conclude that it 
1s evolving heat; and if, on the .contrary, 
the temperature be unaltered, while it is ex- 


83 poſed 


di EXPERIMENTS AND OBSERVATIONS 


poſed to a warm medium, we may infer that 
it is abſorbing heat. 

Dr. Black has found that many ſub- 
ſtances, as tallow, ſpermaceti, bees-wax, ro- 
fin, have a fixed temperature, when they are 
undergoing a change of form, by melting, 
or by congelation. Whence he infers, that 
during the former proceſs they abſorb, and 
during the latter, evolve heat. 

From theſe facts and obſervations we may 
conclude univerſally, that when bodies, in con- 
ſequence of expoſure to heat, have arrived at the 
\ melting or boili ng points, they abſorb a quantity 
\of beat, which is neceſſary to their axiftence in 


the fate of non-elaſtic fluids, or of vapour, but 
whi eb dbes not increaſe their temperature: and, 


on the contrary, when vapours are condenſed, 
or non- elaſtic fluids are congealed, they part 
with the heat which they had formerly abſorbed. 

The following proportions -obtain with re- 
gard to the congelation of. fluids, and the 
melting of ſolids, as well as to the elevation 
and condenſation of vapours. 

It is manifeſt, that in the congealing of 
different portions of the ſame fluid, if the 
times of the congelation be equal, the quan- 
tities congealed will be directly proportional 
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to the power of the cooling cauſe, or to the 


velocity of the ſeparation of heat. If, for 


example, a certain quantity of water be con- 


ceived to be frozen by a cooling cauſe, which 
ſeparates the heat with a velocity as 1, it is 
evident that the velocity of the ſeparation of 
heat being doubled, a double quantity will 
be frozen in an equal time. 

Let T be the time of the congelation, Q 
the quantity of matter, and P the power of 
the cooling cauſe. If T be given, Q will be 
as P. Again, if the power of the cooling 
cauſe be given, the quantity congealed will 


be as the times of the congelation ; that is, if 


P be given, Q will be as T; and if neither 
be given, Q will be as PxT, conſequently 


T will be as F and if Q be given, T will 
be reciprocally as P. That is, if the quan- 
tities congealed be given, the times of the 


congelation will be inverſely proportional to 


the power of the cooling cauſe; in other 


words, the time required to freeze a given 
quantity of the fluid, will be diminiſhed in 
proportion as the power of the cooling cauſe 
1s increaſed. Hence the congelation will be 


momentaneous, or the fluid will be entirely 
3 changed 
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changed into a ſolid at the ſame moment, if 
the power of the cooling cauſe be ſach as 
inſtantly to ſeparate the whole of the heat 


evolved in the congelation. Moreover, -if 
the velocity of the ſeparation 'of heat be 


given, the times required to congeal equal 
quantities of different fluids, will be in pro- 
portion to the quantities of heat which they 
give off in the freezing proceſs. If, for 
example, the heat given off by water in 
freezing be to that given off by the congela- 
tion of an equal quantity of ſpermaceti, as 


2 to 1; and if the velocities of the ſeparation 


of heat be equal, the time required to change 


the former into a ſolid will be double that 


which is required to produce the lame mY 
in the latter. 

Hence the quantities of heat evolved by 
the freezing of different fluids may be in- 
ferred from the times of their congelation, 
when they are expoſed to cooling cauſes, the 
powers of which are equal. f 

It was before proved, that if bodies retain 


the ſame form, their capacities for heat are 
not varied by a change of temperature. 


From the experiments of Dr. Irvine, there 
is the utmoſt reaſon to believe, that if by a 
change 
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change of temperature the forms of bodies be 
altered, their capacities for heat are increaſed 
or diniiniſhed, in conſequence of which they, 
mult neceſſarily abſorb or evolve heat. And 
thus the celebrated diſcovery recited above, is 
traced to a general law of nature. I ſhall 
not, however, enter more particularly into 
this ſubje& at preſent, but ſhall leave the 
farther illuſtration of it to the learned Philo- 
ſophers to whom the honour of the a 
is due. 

V. Unequal quantities of abſolute heat are 
required to produce equal alterations of tem- 
perature, in equal weights of heterogeneous £ 

bodies. 

Thus if the temperature of a petri of 
mercury be raiſed one degree, and that of a 
pound of water one degree, as indicated by 
an equidifferential thermometer, it will be 
found that unequal quantities of abſolute 
heat have been communicated to the water, 
and to the mercury. 

It has been thought by ſome Philoſophers, 
that the quantities of abſolute heat in .bodies 
are in proportion to their denſities. Boer- 
haave. was of opinion, that heat 1s equally 
diffuſed through all bodies, the denſeſt as 
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well as the rareſt, and therefore that the 
quantities of heat in bodies are in ng 
to their bulk. | 

But it appears from epa chat the 
kiw of the diſtribution of heat - throughout 
the various claſſes of natural bodies, is not 
according to the ratio either of bulk. or 


denſity. 


The firſt attempt to determine by experi- 
ment the comparative quantities of abſolute 
heat in bodies, was made by F ahrenheit, at 
the deſire of Boerhaave. | 

The following is a ſhort ſketch of this 


attempt, 
author : 


nearly in the words of the 


If you take equal quantities of the ſame 
fluid, and give them different degrees of heat, 
and mix them intimately together, the tem- 
perature of the mixture will be the arithmeti- 
cal mean between the heat of the warmer and 
colder fluid. | 

If, for example, a pint of boiling water at 
212, be mixed with a pint of the ſame fluid 
at 32, the temperature of the mixture will 

be 122: the warm water will be cooled go 
degrees, and the cold water heated go. 


ev chaymnd m— —_—_— 
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But if this experiment be made with water 
and mercury, in the ſame n the 


effect will be very different. 
For if you take equal bulks of mercury 
and water, and give the water a greater de- 


gree of heat than the mercury, the heat of 


the mixture will always be is than the 
arithmetical mean. 


On the other hand, if the mercury be hot- 


ter than the water, the temperature of the 


mixture will conſtantly be /e/s than the arith- 


metical mean. The changes which are pro- 


| duced in the temperature of the water and 
mercury, in the firſt of theſe inſtances, are 


found to correſpond to thoſe which are pro- 
duced, by mixing three parts of hot water 


with two of cold; and in the ſecond inſtance, ' 


to thoſe which take place, when three parts 
of cold water are mixed with two of hot. 
That is, the change produced in the heat of 
the mercury, is to that produced in the heat 
of the water, as three to two. 


From the former of theſe experiments it 
was juſtly concluded by Boerhaave, that in 


the ſame body, the diſtribution of fire is in 
proportion to the bulk or quantity of 
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But from the experiments with water and 
mercury, he concluded very unwarrantably, 


that heat is equally diffuſed through all bodies, 


the denſeſt as well as the rareſt; and there- 


fore that the quantities of heat in different 
bodies, are in proportion to their bulks, or 


to the ſpaces which they occupy. 
Theſe experiments have been repeated and 


varied in the preſent age, and very different 


concluſions have been drawn from them. 

I have already obſerved, that, if a pint of 
mercury at 100, be mixed with an equal 
bulk of water at 50, the change produced in 
the heat of the mercury, will be to that pro- 
duced in the heat of the water, as three to 
two; from which it has been inferred, that 
the abſolute heat of a pint of mercury, is to 
that of an equal bulk of water, as two to 
three: or, in other words, that the compara- 


tive quantities of their ab/o/ute heats are reci- 


procally proportionable to the changes which 
are produced in their /en/ible heats, when they 


are mixed together at different temperatures &. 


* This fact has, for ſeveral years, been taught publick- 


ly by Dr. Black and Dr. Irvine, in the Univerſities of 


Edinburgh and Glaſgow : and it has been applied by Dr. 


Trvine, to the ſolution of a variety of curious and important 


phenomena, 


The 
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The truth of this concluſion may be illuſ- 


trated in the following manner. 


If four pounds of diaphoretick antimony | 


at 20, be mixed with one pound of ice at 
32, the temperature of the mixture will be 
nearly 26. The ice will be cooled fix de- 


grees, and the antimony heated fix. If we 


reverſe the experiment, the effect will be the 
ſame. That is, if we take ſix degrees of heat 
from four pounds of antimony, and add it 


to a pound of ice, the latter will be heated 


ſix degrees. The ſame quantity of heat, 


therefore, which raiſes a pound of ice ſix 


degrees, will raiſe four pounds of antimony 
ſix degrees. 5 
If this experiment be made at different tem- 


peratures, we ſhall have a ſimilar reſult. If, 


for example, the antimony at 15, or at any 
given degree below the fr eezing point, be 
mixed with the ice at 32, the heat of the 
mixture will be the arithmetical mean be- 


tween that of the warmer and colder ſub- 


ſtance. And ſince the capacities of bodies 


are permanent as long as they retain the 
ſame form, we infer, that the reſult would 
be ſimilar, if the antimony were deprived 
of its whole heat, and were mixed with 
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the ice at 32. But it is evident, that, in 
this caſe, the ice would communicate to the 
antimony the half of its abſolute heat. For, 
if 200 below froſt, be conceived to be the 
point of total privation, the antimony will 
be wholly deprived of its heat, when its tem- 
perature is diminiſhed 200 degrees below 32 ; 
and the heat contained in the ice, when at 
32, will be 200 degrees. If we now ſup- 
poſe them to be mixed together, the tempera- 
ture of the mixture will be half the exceſs of 
the hotter above the colder; or the ice will 
be cooled 100 degrees, and the antimony 
heated 100. The one half of the heat, there- 
fore, which was contained in the ice, previ- 
ouſly to the mixture, will be communicated 
to the antimony: from which it is manifeſt, 
that, after the mixture, the ice and antimony 
muſt contain equal quantities of abſolute 
heat. | 5 
To place this in another light, it has been 
proved, that the ſame quantity of heat which 
raiſes a pound of ice ſix degrees, will raiſe 
four pounds of antimeny fix degrees. And 
as the capacities of bodies, while they retain 
the ſame form, are not altered by a change 
of temperature, it follows that the ſame 
quantity 
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quantity of heat which raiſes the 1 ice 200 de- 
grees, Or any given number of degrees, will 
raiſe the antimony an equal number of 


degrees. 
A pound of ice, therefore, and four pounds 
of antimony, when at the ſame temperature, 


contain equal quantities of abſolute heat. 
But, it appears from the third general fact, 
that four pounds of antimony contain four 


times as much abſolute heat, as one pound 


of antimony; and hence the quantity of 
abſolute heat in a pound of ice, is to that 


in a pound of antimony as four to one. 
Again, if a pound of ice at 32, be mixed 
with a pound of antimony at 7, the tem- 


perature of the mixture will be 27; the ice 


will be cooled five degrees, and the antimony 


| heated 20; or the change produced in the 


ſenſible heat of the ice, will be to that pro- 


_ duced in the ſenſible heat of the antimony, 


as one to four. But it was before proved, 


that the abſolute heat of a pound of ice, is 


to that of a pound of antimony, as four to 
one. From which it 1s evident, that the 
comparative quantities of abſolute heat, in 
equal weights of ice and antimony, having 
the ſame temperature, are reciprocally pro- 

portionable 
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portionable to the changes produced in their 


ſenſible heats, when they are mixed together 


at different temperatures “. 


This concluſion appears to be juſtly de- 
duced from the premiſes. The reaſoning 


which has been employed to eſtabliſh it, is 


founded upon the neceſſary proportion and 
connection between cauſes and effects, and 
is altogether independent of any hypotheſis 
reſpecting the nature of heat. 

It may be conſidered as a particular ap- 


plication of the following univerſal theorem. 
If equal cauſes, operating upon different 
claſſes of bodies, produce unequal effects, in 


order to the production of equal effects, un- 


equal cauſes will be required: in other words, 


if the effects vary when the cauſes are equal, 
the cauſes will vary when the effects are 


* I have thus endeavoured briefly to eſtabliſh the truth 
of the above doctrine, as a neceſſary introduction to the 
experiments which follow ; but the more full and complete 


illuſtration of it I ſhall leave to Dr. Black and Dr. Irvine. 


| kingdoms of Nature, 


This diſcovery opens a wide field for inveſtigation, as 
by means of it we are enabled to eſtimate the comparative 
quantities of abſolute heat in bodies, and to determine with 
certainty and accuracy, the various proportions in which 
the element of fire is diſtributed throughout the different 


equal ; 
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equal; and if, in each claſs of bodies, the 


effect be proportional to its cauſe, the varia- 


tions of cauſes and effects, in the different 
claſſes, will be reciprocally proportional to 
each other. The proof is the ſame with that 
of the foregoing propoſition, ſubſtituting the 
term effect for temperature, and the term 
cauſe for abſolute heat. | 


This reaſoning will apply not only to the 


inveſtigation of the comparative heats of 


bodies, but alſo to all other branches of 


knowledge in which the above-mentioned re- 


ciprocation of cauſes and effects takes place. 


It may be extended, for example, to men- 
ſtruums and ſolvends in chymiſtry, to forces 


and the motions produced by them, in na- 
tural philoſophy, as well as to the diminutions 
of forces, and the powers by which they are 


diminiſhed. Thus let A and B be two 
bodies, and let C bea moving force ; let this 
force be ſuch, that the double, treble, qua- 
druple, or 2, +, =, of it may be taken. The 
quantities of the moving force required to 
produce equal velocities in A and B, will be 
reciprocally as the velocities communicated 
to thoſe bodies when the moving forces are 


equal. This neceſſarily follows from what 


has 


4 
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has been demonſtrated by natural Philoſo- 
phers reſpecting forces, and the velocities 
which they communicate. For let equal 
forces be applied to A and B, and let the 
velocity of the former be to that of the latter, 
as 2 to 1; ſince, by the ſecond law of na- 
ture, in the motions communicated to the 
ſame body, the forces are as the velocities, 
if the velocity of A be conceived to be dimi- 
niſhed the one half, or to become equal to 
that of B, the force required to produce this 
velocity will be diminiſhed in the ſame pro- 
portion ; conſequently when A and B move 
with equal velocities, the force applied to the 
former will be half of that applied to the lat- 
ter. Hence it appears, that if with equal 
moving forces, the velocities be as 2 to 1, 
with equal velocities, the moving forces will 
be as 1 to 2. The ſame reaſoning will apply 


to menſtruums and ſolvends. 
Thus let A and B be two menſtruums, 


and let C be a ſubſtance to be diſſolved in 
them; let the degrees, by which A and B ap- 
proximate to ſaturation by given additions of 
the ſolvend, be ſuppoſed to be known. If we 
find in the ſeveral intermediate degrees, be- 
tween the points of ſaturation and of total 

privation, 
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privation, that the ſame quantity of the 


ſolvend which makes A approximate one de- 
gree towards ſaturation, will make B ap- 


proximate two degrees, we may conclude that 
the diſſolving power of the former is to that 


of the latter, as 2 to 1; and if A and B be 


both ſaturated, or have made equal ap- 


proaches towards ſaturation, the quantity of 


the ſolvend contained in A will be double 
that contained 1 in B. 


Thus it appears, that the „ | 
quantities of abſolute heat in bodies may be 


determined, by mixing them together as 
above, and obſerving the changes which are 
produced in their ſenſible heats. This rule, 
however, does not apply to thoſe ſubſtances, 
which, in mixture, excite ſenſible heat or 
cold by chemical action. 


rr N is 
Having premiſed theſe general facts, I 


ſhall now lay before the reader my Experi- 
ments on Animal Heat, and the Inflamma- 


tion of Combuſtible Bodies. | 
It was obſerved above, that ſenſible heat 
has a conſtant tendency to diffuſe itſelf equal- 
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ly over all bodies, till they are brought to the 
ſame temperature. From this property of 
heat, it is manifeſt, that thoſe animals which 


have a higher temperature than the medium 
in which they live, muſt be continually com- 
municating heat to the ſurrounding bodies. 


Since therefore, in the animal kingdom, there 


is a conſtant diſſipation of heat, it follows, 


that there muſt be a P! -oportionable ſupply of 
this element, to repair the waſte. For, if 
the animal body had not the power of excit- 


ing or collecting heat, it would ſoon arrive 


at the temperature of the ambient medium. 
With a view to diſcover the nature of this 
power, I made a variety of experiments, in 
the ſummer 1777, on animal, vegetable and 
mineral ſubſtances; ſome of which I ſhall 
now relate, as I think they have led to the 


true ſource, from whence the heat of ani- 
mals, and the heat which is produced by 


the inflammation of combuſtible bodies, 18 
derived. | 

I muſt firſt obſerve, that experiments for 
determining the comparative quantities of 


heat in bodies, by mixing them together at 
different temperatures, are liable to ſeveral 


1. When the ſub- 
ſtance 


cauſes of inaccuracy. 


2 
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ſtances to be compared; are mixed together,” 
a certain time is required for the heat to paſs 


from the warmer to the colder body, till 


they arrive at the ſame temperature. If they - 


be intimately mixed, and the veſſel be a little 
agitated, a minute is generally ſufficient. 


During this interval, a part of the heat is 
carried off by the ſurrounding atmoſphere. 


It therefore becomes neceſſary, to calculate 
the heat which is thus loſt - in the firſt 
minute. - 

It was formerly remarked, that when a 
heated body is placed in a cold medium, the 
decrements of heat are partly equable, and 
partly ih geometrical progreſſion. If the 


body tranſmit heat very faſt, and its tem- 


perature be much greater than that of the 


ambient medium, the decrements are nearly 


in geometrical progreſſion, agreeably to the 


rule laid down by Sir Iſaac. Newton; the 


error produced by calculating according to 


this rule being ſo inconfiderable that! it may e 


be neglected. 
On the contrary, when the experiment 


made in a veſſel that tranſmits heat very ; 


flowly, and the heat of the ſubſtance to be 


examined is not much greater than that of 
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the atmoſphere, the quantities of heat ""Y 
in any two ſmall ſucceſſive portions of time, 
approach ſo nearly to an equality, that the 


difference cannot be diſtinguiſhed by the 


' niceſt thermometer. That this obſervation 


is well founded, area from the following 


experiment: 1411 
A pound of water i in an e veſſel, be- 


ing raiſed to 120, the temperature at in 


end of 
1 minute was — 119 
- — — 118 
S*. * * 117 
4 — — 116 
1 * 115 
6 — — 114 
7 — my 173 


1 the experiments wi ſhall hereafter 
relate, the order of cooling was obſerved for 
feveral minutes. When the decrements of 
heat were found to be ſenſibly different from 
each other, the heat loſt in the firſt minute 
was calculated according to Sir Iſaac New- 
ton' s rule, from the {cries of numbers deter- 
mined by obſervation. _ 

But in general the experiments were made 


under ſuch circumſtances, that the heat 


paſſed 


- - * 
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paſſed off very ſlowly ; ; in which caſe the 
difference between the decrements i is ſo ſmall, | 


as not to be diſtinguiſhed by the eye. And, 
therefore, the heat loft. in the firſt minute 


may, without any ſenſible error, be conſi- 
dered as equal to that loſt in thoſe which 


immediately follow. 
I muſt here obſerve, that I baths Dr. 


Irvine was the firſt who applied the above- 
mentioned rule of Sir Iſaac Newton, to cal- 
culate the heat loſt during the firſt minute, 
in experiments for determining the com- 


| parative quantities of heat in bodies. 


2. If the experiment be made by adding 
the warmer ſubſtance to the colder, the for- 
mer will loſe a part of its heat in paſſing 
through the air. To avoid this cauſe of in- 
accuracy, the experiment ſhould be reverſed: 
the colder ſubſtance ſhould be taken at the 
temperature of the air in the room, and in 
that ſtate being mixed with the warmer, it 
cannot, during its paſſage through the air, 
loſe any part of its heat. 

3. If the ſubſtance, which has the 8 
heat, be mixed with that which has the leaſt 
in, a cold veſſel, a part of the heat will be 
communicated to the veſſel. But if the ex- 

2 periment 
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periment be made in a warm veſſel, the cold 


ſubſtance will receive heat; not only from 


the warm ſubſtance, but from the veſſel in 
which 1 it is contained. a 
The moſt effectual method of avoiding this 
cauſe of inaccuracy, is firſt to determine the 
capacity of the veſſel for receiving heat, com- 
pared with that of one of the ſubſtances to 
1 examined; and the capacity of the veſſel 
being known, its influence upon the tem- 
perature of the mixture may be found. Let 
a pound of water, for example, be one of the 


ſubſtances, whoſe com parative heat is to be 


examined ; and let the capacity of the water 
be to that of the veſſel as 12 to 1. If in any 


experiment we -find that the veſſel has re- 


ceived 12 degrees of heat from a pound of 
water, we may be ſure that the ſeparation of. 
this heat has cooled the water one degree. 

4. In experiments for determining the 
comparative quantities of heat in bodies, 
water is generally the ſtandard. When the 
body, which is to have its heat compared 


yith that of water, tranſmits heat very flow- 


ly, it frequently happens, that the different 
parts of the mixture cannot be brought pre- 
cifcly to the lame temperature for ſeveral 
minutes. 


\ 
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minutes Thus I find that in experiments 
upon vegetables and the calces of metals, 
there is a conſiderable difference, at the end 


of the firſt minute, between the heat of the 


mixture at the ſurface, and that at the bot- 
tom of the veſſel; ariſing partly from the 
tendency of the warmeſt part of the water to 


remain at_the ſurface, and partly from the 


difficulty with which the above - mention- 
ed ſubſtances tranſmit heat. This may be 
remedied in ſome degree, by mixing the 
bodies together intimately, and agitating the 


mixture briſkly. But by much agitation, 


the heat is carried off ſuddenly and irregular- 
ly, which makes it difficult to calculate the 
heat that is loſt in the firſt minute. 

To remedy this. cauſe of error, a moderate 


agitation ſhould be uſed, and the experiment 
ſhould be made, in ſuch circumſtances, that 


the mixture ſhall cool very ſlowly, in order 
that as ſmall a portion of the heat as poſſible 
may eſcape, while its parts are — g a 
common temperature. 


The mixture may be made to cool lowly; | 


if the ſubſtances, that are to be mixed toge- 
ther, be taken in conſiderable qu antity, and 
if the veſſel in which the mixture is contain- 
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ed be ſurrounded on all ſides with a covering 
that ſlowly tranſmits heat. 
It is moreover evident, that the mixture | 
will cool flowly if its temperature do not 
much exceed that of the external air. . 
exceſs of the temperature of the mixture 
above that of the ſurrounding air, all other 
circumſtances being equal, will be in pro- 
portion to the difference between the tem- 
perature of the colder and warmer ſubſtance, 
the former being ſuppoſed, previouſly to the 
experiment, to have the ſame heat with the 
ambient medium. It is, therefore, proper, 
with a view to diminiſh, the velocity of the 
refrigeration, that the warmer ſubſtance 
ſhould not be raiſed to a very high tempera- 
ture. On the contrary, if the difference be- 
tween the heat of the warmer and colder ſub- 
ſtance be very ſmall, thoſe ſubſtances will ſuffer 
but little alterations in their temperatures 
when they are mixed together. But theſe al- 
terations are the meaſures of the capacities; 
and if the meaſures of the capacities be great- 
ly diminiſhed, it is manifeſt that the un- 
avoidable errors, which are produced by the 
| imperfections of the ſenſes, and of thermo- 
meters, will render the reſults of the experi- 
2 ments, 
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ments, and the calculations which are de- 
duced from them, precarious. | ; 

Hence it follows, that in trials made whh 
a view to determine the comparative heats of 
bodies by mixture, very ſmall as well as very _ 
great differences of temperature ſhould be | 
avoided. There is, however, a certain limit 
between theſe extremes which will be leaſt | 
liable to error; and this limit is to be deter- 
mined by varying the difference between the 
temperatures of the colder and warmer ſab- 
ſtance in different experiments, and obſerving 
thoſe reſults which moſt nearly coincide with 
each other. If accurate thermometers be 
uſed, and if the other ſources of fallacy be 
carefully avoided, the reſults of the trials, 
made with conſiderable variations of tem- 
perature, will be nearly the ſame, as appears 
from the following experiments ; 1 
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EXPERIMENT I. 


Air in the room — 65 
Thirty-ſix ounces troy of water, at 123 
were introduced as ſpeedily as 
poſſible into an earthen veſſel at 65.2 
The temperature of the water was meaſured 
by a thermometer, which had the mercury 
H 4 : con- 
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edntained in a ſmall cylinder, that reached 
from the ſurface to the bottom. | 
At the end of RPE Ts oe 
1 minute it was 116.2 
2 | — 115.1 
3 : 114.5 
4 — 114 minus. 
WE i E 7 Sg: 
SAP ©} 6 — 113 | 
The veſſel in which this experiment was 
made weighed 30 ounces and 4 troy. It was 
three inches and + in GL and nine 
inches in depth. | 
From the experiment it appears, that the 
water loſt in the courſe of the ſecond minute 


* 


a little more than a degree, and in the four 


ſucceeding minutes it cooled very nearly at 


the rate of half a degree in a minute. Hence 


it follows, that the water and the veſſel had 
not acquired a common temperature till the 
ſecond minute was expired, the earthy mat- 
ter of which the veſſel was compoſed being a 
bad conductor of heat, and its thickneſs be- 


ing nearly one fourth of an inch. As the 


heat loſt, when the progreſs of cooling be- 


came regular, was half a degree during each 


minute, we may fafely conclude, that the 
quantity 
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quantity of heatcarried off by the air, in the 
firſt and ſecond minutes, was nearly one de- 
gree. Adding therefore one degree to 11 5. r, 
vhich was the temperature of the water at 
the end of the ſecond minute, we have 116.1 
for the true temperature of the water and 
veſſel. Subtracting this from 123 we have 
6.9 for the remainder. The water was there- 
fore cooled by the veſſel 6. 9. The veſſel was 
raiſed from 65.2 to 116.1 or 50:9; and ſince 
it received this heat from. the water, it is 
evident that the ſame heat which changes the 
temperature of 32. ounces of water 6.9, will 
change the temperature of the veſſel 50.9. 
And, by a parity of reaſoning, the ſame heat 
which raiſes the water one degree, will raiſe 
the veſſel 7.37. The capacity of the water 
is conſequently to that of * veſſel as 7. 37 
to 1. 


ExPERIMENT II- 


Air in the room — 65 
Thirty-two ounces of water 
HO — 151.75 


were poured inte the carthen _ 
vue at — 65.25 


The 


106 EXPERIMENTS "AND ae 
The temperature of 


water in 

1 minute was — 141 plus 
2 minutes Ty 2 

4 * 8 50 137-5 

5 * 28 136.5 

6 — — 135.5 
r — 134-5 plus 

8 — — 133.7 plus 


After the third minute was expired, the 
progreſs of cooling was nearly one degree in 
a minute. If, therefore, we allow three de- 
grees for the heat carried off by the air dur- 
ing the firſt three minutes, we ſhall have 
141. 5 for the true temperature. | 

Hence it appears, that the water was cool- 
ed by the veſſel 10.25, and the veſſel heated 
by the water 76.25. By this experiment the 
capacity of the water was to that of the veſſel 
as 7.33 to 1. 


EXPERIMENT III. 


Air in the room — 66.5 
Thirty-two ounces of water at 179 
were poured into the earthen veſſel 
at — — 65.5 
| "In 
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In 1 min. the temperature was 164.4 


1 — — 162.2 
1 — — 160.6 
4 _— wm 159 
5 ”_ gow . 
6 — — 156 plus 
128 22 154.6 


7 
After the third minute was expired, the 


progreſs of cooling was nearly 1.5 during 


each minute, If we allow 4.5 degrees for 
the heat loſt in the firſt three minutes, we ſhall 
have 165. 1 for the true temperature. The 
water was conſequently cooled by the veſſel 
13.9, and the veſſel heated by the water 98.6. 

By this experiment, therefore, the capacity 
of the water is to that of the veſſel as 7.09 to 
1. Hence it follows, that when the dif- 
ference' between 'the temperature of the wa- 
ter and veſſel previouſly to the experiment is 
increaſed, the capacity of the former compar- 
ed with that of the latter, is apparently dimi- 
niſhed. The reaſon is obvious: in propor- 
tion as the water is raiſed to a higher tem- 
perature, more heat eſcapes during its paſ- 
ſage through the air; and if allowance be 
not made for this difference, a greater quan- 
tity of * will appear to be ſeparated by the 
veſſel, 
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veſſel. It is manifeſt, however, from the 
near coincidence of the reſults of the two 


firſt experiments, that the fallacy ariſing from 
this cauſe, when the water is not raiſed to a 
high temperature, is inconſiderable. 

It was before obferved, that the mixture 
will cool ſlowly if its temperature do not 


much exceed that of the external air. It 


may be proper to add, that if the colder ſub- 
ſtance be taken at a lower temperature than 


the air in the room, and the warmer ſub- 
ſtance at a higher; and if the difference of 


their heats be ſo proportioned, that the com- 
mon temperature, after they are mixed to- 


gether, ſhall be nearly the ſame with that of 


the air in the room; the fallacy, ariſing 


from the refrigeration of the mixture, will 


be altogether avoided, at the fame time that 
a large ſcale may be obtained. 5 
5. The volumes of the ſubſtances, which 
are to have their heats compared, ſhould be 
as nearly equal as poſſible. For if the vo- 


lumes be unequal, as the ſeveral parts of the 
warmer and colder ſubſtances cannot be 


brought into immediate contact with each 
other, the difficulty of diffuſing the heat 


uniformly over the mixture will be increaſed. 


Let 


ih 
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Let water, for example, and ſand, be the 
ſubſtances which are to have their compara- 


tive heats examined. If the volume of the 


ſand be leſs than that of the water, the depth 
of the latter, when they are mixed together, 
will exceed that of the former; and if it be 
greater, the reverſe of this will take place. 
In both caſes it will become more difficult to 
bring the ſand and water to a common tem- 
perature. . 

If the volume of the water exceed that of 


_—_ 


the ſand, and if, in repeating the experi- 


ment, the comparative bulks of theſe ſub- 
ſtances be varied, an equal degree of agita- 
tion being given to the mixture, the capacity 
of the water, compared with that of the ſand, 
as determined by a thermometer which reaches 
from the ſurface to the bottom, will appear 
to diminiſh when the volume of the ſand is 
diminiſhed. Thus 1s PRs " the LEY 
experiments: 


ExPERIMENT I. 


Air in the room — 49 
Thirty-eight ounces of common 
ſand at — — 53 


Mixed 
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1 minute was Ws 
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Air in the room — 
Twenty-two ounces of com- 


mon fand at — 
Mixed with 22 ounces 1 
water at — 


The mixture being agitated as 
before, its temperature in 


1 minute was — 
2 - — — 
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Mixed with 16: ounces of wa- 


# 


149 


n mixture being Stade for a 
"ſhort time, its temperature in 


177 
1171 
+ + 2 Hank 
1164 
1161 
115+: 
1155 


— 1 plus 


1141 
114 plus 


ExXPERIMENT II. 


61.5 


624 


> % 


143 plus 


123 minus 


1271 minus 


127 minus 
4 minutes 
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4 minutes was — 1426 
: 5 | — —ä — | 1251 
6 nr — 1241 
PI T * 1234 
8 — — 1224 
9 — — n 
10 _ — 1211 
11 * — 120 
12 — — 120 
13 — * — 119 


The agitation given to the mixture in 


* 


both experiments was nearly equal. I found 


from ſubſequent trials that the heat imparted 
to the air by the agitation was nearly one 
degree. The experiments were made in the 
fame veſſel, the heat of the mixture was mea- 
ſured by cylindrical thermometers, that reach- 
ed from the ſurface to the bottom, a ſmaller 
thermometer being uſed for the firſt experi- 


ment than for the ſecond. Allowing one 


degree for the heat loſt during the firſt mi- 


nute, the capacity of water will be to that of 
the ſand, by the firſt experiment, as 5 to 1 ; 
and by the ſecond as 4.7 to 1. Thus it ap- 
pears, that in the foregoing experiments with 
and and water, the capacity of the latter 

was 
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was apparently diminiſhed; when the com- 
parative bulk of the former was diminiſhed. 
This fallacy ariſes from the increaſed dif- 
ficulty of bringing the water and ſand to a 
common temperature. For as the capacity 
of water is greater than that of ſand, when 
theſe ſubſtances are mixed together, the com- 
mon heat of the mixture will be nearer to 
the original temperature of the water than to 
that of the ſand. If the ſand and water be 
not brought to a common temperature, in 
. other words, if the temperature of the water 


bottom, a cylindrical thermometer, the length 
of which is equal to the depth of the mix- 


ture, will give a degree of heat that is inter- 


5 mediate between the 2 at the nag 


face at the bottom. 
But this intermediate temperature will be 
leſs than that which would be produced, by 
bringing the fand and water to a common 
heat; becauſe as the capacities are different, 
if the parts of the mixture were reduced to a 
common heat, the increaſe in the tem pera- 
ture of the ſand would be greater than the 
diminution in that of the water. 
Hence 


at the ſurface exceed that of the ſand at the 
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Hence the water will be ſeemingly more 
refrigerated, and the ſand leſs heated; and 
conſequently the relative capacity of the for- 
mer will appear to diminiſh, and that of the 
latter to increaſe, in proportion as the heat 
is more unequally diffuſed over the mixture; 
and ſince the inequality in the bulk of the 
ſubſtances compared contributes to a more 
unequal diffuſion of the heat, it follows, 
that an increaſe in the exceſs of the volume 
of the water above that of the ſand, all 
other circumſtances being equal, muſt be ac- 
companied with an apparent diminution in 
the relative capacity of the water. Hence, 
by taking volumes perfectly equal, we ſhall 
have the limit at which the relative capacity 
of water will appear to be the greateſt, and 
which will conſequently give us a reſult that 
will approach neareſt to the truth. For in 
that caſe the above-mentioned cauſe of fal- 
lacy, tending to make the apparent propor- 
tion of the capacity of water to that of ſand 
leſs than the real Proportion, will be moſt 
effectually avoided. 

From the foregoing obſervations it fol- 
lows, that, in experiments for determinir 
the comparative heats of bodies by mixing 

0 them 


city will appear to diminifh in proportion as 
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them together at different temperatures, if all 
other circumſtances be equal, the compara- 
five heat of that which has the greater capa- 


the heat is more unequally diffuſed over the 


mixture. And as ſolid bodies have leſs capa- 


cities for heat than water, it likewiſe ap- 
pears, that in experiments for aſcertaining 
the capacities of ſuch bodies by mixing them 
with, this fluid, if the latter have the greater 
volume, the relative eapacity of the water, 
as determined by a cylindrical thermometer 
which reaches from the ſurface to the bot- 
tom of the mixture, will be apparently dimi- 
niſhed by an unequal diſtribution of the 
heat. 

At i is manifeſt, A in all caſes, the faci- 


ty of promoting an uniform diffuſion of the 


heat will be increaſed, by bringing the parts 


of the colder and warmer ſubſtances cloſely 


into ᷑ontact with each other, which will be 
moſt eaſily accompliſhed by mixing them in 


equal volumes, and by EP the ſolids 


into minute parts. 
If the cauſes of fallacy, now explained, be 


carefully avoided; if the ſubſtances, which 


4 


are to have their heats examined, be uſed in 
e ſuch 
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ſuch quantities, and placed in ſuch a ſitua- 
tion, after they are mixed together, that they 
ſhall cool very ſlowly ; if, at the ſame time, 
the difference of their temperatures be ſuch 
as to afford a ſcale ſufficiently large; if the 
heat be uniformly diffuſed over the mixture, 
and its temperature exactly aſcertained, the - 
reſults of different experiments will nearly 
coincide with each other, and the compara- 
tive heats will be determined with a degree of 
accuracy which will approach near to the 
truth. 3 „ 
It is proper to add, that though conſider- 
able variations ſhould occur in the reſults of 
different experiments, yet the general con- 
cluſions deduced from them may, in many 
caſes, be as certain as if they admitted of 
perfect preciſion. Thus if the capacity of 
the calx of iron, for receiving and communi- 
cating heat, be compared with that of iron; 
and if we find in a variety of trials that the 
proportion of the former to the latter is 
never greater than 4+ to 1, and never leſs 
than 3z to 1, we may conclude with the ut- 
moſt certainty, that the capacity of the calx 
conſiderably exceeds that of the metal; and 
moreover, if the experiments have been made 
with proper care, and have been frequently 
Tx repeated, 


* 
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repeated , we ſhall have good evidence for be- 
lieving that the exact ratio of the capacities of 


theſe ſubſtances is in ſome of the interme- 


diate points between the extremes; that is, 
betw-een the proportions of 3 to 1, and of 
4 to 1. If, however, as was before remark- 
ed, the above-mentioned ſources of fallacy be 


obſerved with attention, and carefully avoid- 


ed, we ſhall have a near coincidence in the 
reſults of different trials. 


With theſe precautions the following ex- 


periments were made to determine the com- 
parative heats of ſome of the moſt common 
vegetable and animal ſubſtances, water be- 
ing uſed as a ſtandard, | 


EXPERIMENT I. 


Air in the room — 64 

Twenty- two ounces of dried is 
wheat — 63.7 plus 

Mixed with 20 ounces of wa- 
3 — 1320 

Temperature of the mixture n 

2 minutes was — 101. plus 

3 — — 1017 

4 — | — 101.6 


5 mi 
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101.6 | 

101.5 
18 %% 
101.5 minus 
101.5 minus 
101.4 minus 
101.3 
„ 
101. 2 plus 
1814 
mm: 
The parts of the mixture being brought 
by agitation to a common temperature, the 
mean heat at the end of the 22d minute 
was 98. 5. 

The mixture was agitated during the firſt 
minute by means of a rod 12 times: its 
temperature was meaſured by a thermometer 
which reached from the ſurface to the bot- 
tom: the quantities of wheat and water were 
ſo proportioned that the volumes ſhould be 
nearly equal. The cold wheat was poured 
into the veſſel containing the warm water. | 
The veſſel was placed on a flip of flannel, 
and its mouth was covered with flannel, to 
prevent the acceſs of the air in the courſe of 


the experiment. 
mi- 
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- It appears, that the mixture from the end 
of the ſecond to that of the ninth minute 
loſt three-tenths of a degree, and from the 
end of the ninth to that of the ſixteenth, it 
loſt ſix-tenths of a degree. The velocity of 
the refrigeration was therefore accelerated : 
for which the following cauſes may be aſ- 


ſigned : when a body, that tranſmits heat 


ſlowly is expoſed to a medium colder than 
itſelf, 1t cools more quickly at the ſurface 
than at the center; in conſequence of 
which, a difference of temperature will ariſe 
in thoſe parts of the mixture. This diffe- 
rence will, for a certain length of time, con- 
tinue to increaſe, and during that time 
the progreſs of cooling at the center will 


be accelerated. For it is manifeſt, that, 


in the cooling proceſs, the particles at the 
ſurface are continually receiving heat from 
thoſe at the center, and giving off heat to the 
external air. During the firſt moments of 
the refrigeration, as there is but little dif- 
ference between the temperature of the par- 
ticles at the center and of thoſe at the ſur- 
face, t the tranſmiſſion of the heat from the 
former to the latter is very ſlow. But the 
particles at the ſurface will at this time 

cool 


VPON. AXIMAL'HEaT, &c. 119 


cool moſt ſpeedily, becauſe the difference be- 
tween their temperature, and that of the 
ſurrounding air, is greater than at any other 
period of the refrigeration. Since, there- 


fore, the particles at the ſurface, in the be- 


ginning of the cooling proceſs, receive heat 
ſlowly from the center, and are, at the 
ſame time, quickly deprived of heat by the 
external air; the ſeparation of that principle 


from thoſe particles, will, during this part 


of the proceſs, exceed the ſupply. The dif- 
ference between the temperature at the center 
and at the ſurface will conſequently increaſe, 

and the velocity of the refrigeration at the 
center will be accelerated. But the rate of 


colin g at the ſurface is retarded, in propor- 


tion as the body approaches more nearly to 


the temperature of the ambient medium; 


and this retardation will gradually operate to 


diminiſh the rate of cooling at the center. 
Hence, in the foregoing experiment, the 


refrigeration at the center was ſlow at firſt, 
and was gradually accelerated for a certain 
length of time, till it arrived at a maximum, 

after which it began to be retarded. 
From the difference between the heat at 
the ſurface and at the center, we may ac- 
14 | count 


7 
4 
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count for the ſudden diminution of tempera- 
ture when the mixture was agitated at the 
end of the 16th minute. For the thermo- 
meter, previouſly to the agitation, indicated 
the heat at the center which was the warmeſt 
part of the mixture. And, therefore, when 
the ſeveral parts were brought nearly to 
a common heat, the thermometer ſank 2} 
degrees. 

It will hereafter appear, that when the 
parts of the mixture were previouſly brought 
to a temperature perfectly uniform, it loſt 
by an agitatian equal to that given to it, in 
theſe inſtances, half a degree. Allowing, 
therefore, half a degree for the heat ſe- 


parated by the agitation in the courſe of 


the 22d minute, we ſhall have gg for the 
mean temperature at the end of the ex- 
periment; but the mean heat at the 
termination of the 2d minute was 101. 75 
hence the heat imparted to the air in 21 mi- 

nutes was 2.7. If we ſuppoſe the mean rate 
of cooling during that time to be uniform, 
a ſuppoſition, which as the refrigeration was 
very flow, will be nearly accurate, we ſhall 
have .12 for the heat loſt in each minute. 


Con- 
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Conſequently we have 101.94 for the mean 
heat at the end of the firſt minute; and if half 
a degree be added on account of the heat loſt 
by the agitation at the beginning of the pro- 
ceſs, the true temperature will be 102.44. 
The original heat of the wheat was 63.7 
That of the water — i 
The wheat was therefore raiſed 38.74 
And the water cooled — 17.56 
In this experiment the cold wheat was in- 
troduced into the veſſel containing the warm 


water. It will be proved in the ſequel, that 


the heat communicated by the veſſel was equal 
to that which would have been communicated 
by .84 of an ounce of water. 

It appears, therefore, that the wheat cbt 
ed 20 ounces of water, and the veſſel which 
was equal to the. 84 of an ounce, 17.56 de- 
grees. From which it follows, that it would 


have cooled 20.84 ounces of water, 17.56 


degrees. The quantity of wheat was 22 
ounces. Hence, according to a rule which 
was firſt propoſed by Dr. Irvine, and which 
will be more particularly explained hereafter, 
the comparative heat of water 1s to that of 
wheat, in the compound ratio of 38.74 to 
17.56, and of 22 to 20. 84, or as 2.3 to 1. 

1 next 
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1 next endeavoured to determine the ca- 
pacity of the veſſel uſed in the foregoing expe- 
riment, compared with that of water. 

In order to avoid the inaccuracy ariſing 
from the heat loſt by pouring the warm wa- 
ter into the cold veſſel, the greater heat was 
given to the latter, which was raiſed to a 
fixed temperature by the following con- 
trivance. It was before obſerved, that if 
the vapour of boiling water be made to 
flow in a conſtant ſtream through a pipe of 
any length or dimenſions, every part of 
that pipe will be raiſed to the boiling point. 
It! is, therefore, evident, that if a ſmall ſpiral 
pipe be made to wind round a large cylindri- 
cal veſſel at a little diſtance from it, and be 
kept at 212 by a ſtream of aqueous vapour, 
the veſſel will be gradually heated, till at length 
it arrive at a certain point below 212, where 
it will continue without variation as long as 
the vapour paſſes through the pipe, and the 
temperature of the air in the room remains 
unchanged. In figure 4, plate I, the reader 
will ſee a ſketch of an apparatus contrived on 
this principle. AB CD repreſents a tinned 
veſſel nine inches deep, and 5: inches wide, 
environed by the ſpiral pipe A E B, placed 

| at 


we 


_—— 
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at the diſtance of a quarter of an inch from 
it. This pipe having performed one com- 


pleat revolution around the veſſel, terminates 


at the point B, where the ſteam is ſuffered 
to eſcape. Into the ſpiral pipe, the tube H G 
is inſerted by means of a- cork at one of 
its extremities G, and at the other extremity 
H, it is fixed to the boiler HK. In the 


tube H G is inſerted the cock R, for the pur- 
poſe of occaſionally interrupting the commu- 


nication between the boiler and the ſpiral 


Pipe, and a cock is fixed to the boiler at P, 


through which a part of the ſteam 1s ſuf- 
fered to eſcape, when neceſſary. To the ſpi- 
ral pipe, at the point o, is joined the crooked 
pipe ob, and to this is joined another 2 v y, 
that is connected with the circular pipe ad, 
placed at a little diſtance from the bottom of 
the veſſel AB CD. The perpendicular por- 
tion z b of the crooked pipe o 1 b, is of ſuch a 
ſize as to be capable of ſlipping into the cor- 
reſponding pipe 5 v, the former being adapted 
to the latter in ſuch a manner, that it may be 
introduced into it to a greater or to a leſs 


depth. And hence the circular pipe a 4 may 
be made to approach towards the bottom of 
the veſſel, or to recede from it at pleaſure. 


The 
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The ſuperior ſurface of the veſſel is covered 
by a lid. This is heated by the ſmall ſpiral 
pipe he, which is joined at the point h to the 
cock F by a moveable joint, ſimilar to that 
deſcribed above. The cock is ſoldered to 
the pipe FG. Hence the ſpiral e being 
moveable upon the extremity of the cock, 
may likewiſe be made to approach towards 
the hd, or to recede from it. It is mani- 
feſt, that by this contrivance the heat com- 
municated at the ſuperior ſurface, and at 
the bottom of the veſſel may be ſo adjuſted, 
as to be preciſely equal to that communicated 
at the lateral ſurface. The paſſage of the 
ſteam, through the pipe he, may be occa- 

ſionally interrupted by turning the ſtop- cock 
F; and the pipe may be ſeparated from 
the cock, when it is neceſſary to remove the 
lid of the veſſel, in order to introduce the 
fluid or ſolid ſubſtance, which is to be the 
ſubject of the experiment. 

h k Im repreſents a ſimilar veſſel, (fig. 5.) 
ſurrounded by three ſpiral pipes 2 c, dF, eg. 
The middle and inferior 4% eg, having per- 
formed five revolutions each in contact with the 
cylindrical ſuperficies of the veſſel, and one a- 
round the bottom, terminate near tothe center. 

2 The 
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The ſuperior pipe @ c being made to croſs 


the other two twice, revolves only three times 


around the cylindrical ſurface, after which 
having made a circular revolution around the 
bottom, it alſo terminates near to the center. 

Into- the middle and inferior pipes, which 
are ſeparated from each other nearly the one- 


fourth of an inch, are inſerted the ſtop- 


cocks o and u, in conſequence of which the 
ſteam, that is admitted by the conical veſſel 
4 b, may be made to paſs either through the 
ſuperior pipe alone, or through the ſuperior 


and inferior, or through the three at pleaſure. 


It is plain, that by this contrivance, three 
different degrees of heat may be communi- 
cated to the veſſel þ 4 ] m, each of which will 
be nearly fixed, being liable to be varied only 
by a change in the temperature of the air in 
the room. | 


The veſſel which was to be the ſubject of 


the experiment, and which was made of 


tinned iron, was 7+ inches deep, 41 wide, and 
weighed exactly 10 ounces and two ſcruples 


troy. It was placed upon a lip of flannel in 


the veſſel þ 4 m, (fig. 5.) which may be 
called a fteam bath; the extremity of the 
latter veſſel being cloſed by a cork that was 

g made 
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made to fit it accurately. In this cork a 
thermometer was fixed that had the degrees 
marked upon the tube, and which reached to 
ſuch a depth as to be in contact with the 
bottom of the interior veſſel. 

The ſteam was then made to paſs through 
the ſuperior ſpiral pipe, in conſequence of 
which the thermometer gradually roſe to 
138.5, where it remained with very little 
variation. 


The air in the room being - 64 
A quantity of water, weighing 40 
ounces troy, was taken at - 64.5 


Its temperature being examined by a very 
accurate thermometer, that had each degree 
divided into 10 equal parts, NY viſible 
to the naked eye. 

The interior veſſel was then ſuddenly re- 
moved from the ſteam bath; the water was 
poured into it, and was agitated for a ſhort 
time, after which its temperature was exa- 
mined by the ſame thermometer that had 


been employed to determine its heat previ- 


ouſly to the experiment, and was found to 
be as follows : 


I minute - 65.8 
4 ns 65.9 
5 19 1 5. 91 very nearly 66. 


During 


7 ks 
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During the courſe of this experiment, the 
water was kept in a ſtate of gentle agitation, 
that all its parts might have an equal tem- 
perature. It is manifeſt, that a ſmall quan- 
tity of heat muſt have been loſt by the veſſel 
in the ſhort ſpace of time which was employ- 
ed to remove it from the ſteam bath. The 
heat that was thus loſt may be nearly eſtimated 
by the experiment which follows: 
Air in the room — 68: nearly 
Forty ounces of water 68. 15 very nearly 
The veſſel was placed in the 

ſteam bath AB CD, 

(fig. 4.) and raiſed to 109. 25 
The water being pour- 

ed into the veſlel, its 

temperature in 


1 minute was — 68.9 

* * 68.9 plus 
3 * 69 minus 
4 . 69 minus 
7 of bs. 


Hence we have 1. 5 for the heat communicated 
to the water in the firſt experiment, and .85 
for that communicated in the fecond. In 
conſequence of which the comparative heat 
of the water will be to that of the veſſel by 
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. fel was to that of the water as 1 to 47.4. 
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the former experiment as 43 to 1, and by the 
latter as 47.3 to 1. In the latter caſe, there- 


fore, the ratio of the heat of the water to 


that of the veſſel appears to be leſs than in 


the former. The reaſon is obvious: when 


the veſſel is removed from the ſteam bath, 
for the purpoſe of receiving the cold water, 


it muſt neceſſarily loſe more heat in propor- 


tion as it was previouſly raiſed to a higher 
temperature. It is manifeſt, however, from 
the near coincidence of the reſults of the two 
experiments, that the quantity of heat loſt 
in either caſe muſt have been very ſmall, 
This experiment was frequently repeated, 
different degrees of heat being given to the 
veſſel previouſly to the introduction of the 
water. The following are the reſults of four 
of the moſt accurate trials. 

Comparative heat of water to that of the 
veſſel by the 


Iſt trial as 48 to 1 


2 —_—— * 47.4 to 1 
3 —_ w”_ 47.3 to 1 
4 — —Bͤ ⁵ 0 


From the mean reſult of theſe trials it ap- 
pears, that the comparative heat of the veſ- 


The 
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The quantity of heat therefore contained 
in the veſſel was equal to that contained in 
84 of an ounce of water. 


ENA Air 8 


© 6" £ 
4 


Ar in He: room — 52 


Twenty-two ounces of dried 
wheat at — 2 
Mixed with 20 ounces of wa- 
ter at — 126. 75 


the mixture being agitated briſkly and uni- 
for mly, with an iron rod, 12 times; and its 
temperature being meaſured by the ſame 
thermometer uſed in the precedin g ex e 
ment, in 8 85 

1 minute it was — 101 


The mixture being again 
agitated 12 times, its 
temperature at the end 


of the 
4th minute wass — 100 
0 — 1005 minus 
9 r 
N K Being 


* 
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Being again agitated 1 6. 
times, at the end of 1 

roth minute it was 5 994 

12 — — 991 n minus 

It 1s proper to | obſerve, that in agitating 
the mixture, a motion as nearly: equal as 
poſlible ſhould be communicated to its ſeveral 
parts. Tf this circumſtance be not attended 


to, a variation will be produced i n the reſults 


of different trials. 
In this experiment the cold wheat, as be- 


fore, was poured, into the veſſel contai ming | 
the warm water. The veſſel reſted on a 


wooden table, which was cove red with flan- 


nel. Its mouth was cloſed with a cork, to 
prevent the acceſs of the external air, and 
the thermometer was introduced into the 


mixture through an aperture in the cork. 

It appears, that when the mixture was 
agitated at the end of the 3d minute, it loſt 
half a degree. The ſame thing happened 
when it was again agitated at the end of the 
gth minute. Hence we may infer, that a 
briſk agitation, continued 12 times, was ſuf- 
ficient, to bring the mixture to a common 
heat, For it will be proved by a ſubſequent 


experiment that if this were not the caſe, more 
heat 


T!!! . f 8 


SO — . mw=_r.y 


- upon ANIMAL Hear, 8&2. 131 


heat would have been apparently loſt in the 
ſecond repetition of the agitation than in the | 
third. As the agitation given to the mix- 
ture, in theſe inſtances, was equal to that 
which it had ſuffered at the beginning of the 

experiment, 'it follows that we may allow 
very nearly half a degree for the heat loſt in 
the courſe of the firſt minute; for though 


the heat, ſeparated by the agitation -at the 
beginning, muſt have been a little greater 


than that which was afterwards ſeparated ; 
yet as the heats loſt at the end of the 3d and 
gth minutes were ſo nearly equal, that the 
difference could not be diſtinguiſhed by the 
eye, we may ſafely conclude, that the dif- 
ference between thoſe loſt at the end of the 
3d and iſt minutes, was ſo ſmall that it may 
be neglected. Allowing, therefore, half a 
degree for the heat ſeparated in the firſt mi- 
nute, we have 101. 5 for the true temperature 
of the mixture. 
The original heat of the 
wheat was — 53.5 
That of the water was 126.75 
It follows, that the wheat 
was raiſed — 48 degrees 
And the water cooled 25:25 
K 2 - In 
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In this experiment the cold wheat was in- 
troduced into the veſſel containing the warm 
water. The heat received from the veſſel was 
equal to that which would have been received 


from .84 of an ounce of water. Hence by 


this experiment the comparative heat of wa- 
ter is to that of wheat as 2 to 1. 

I have ſelected the foregoing: experiments 
from a variety that were made with the ſame 
ſabſtances, becauſe they give the greateſt and 
leaſt reſults, when the mean of thoſe which 
were moſt accurate was taken, the capacity 
of water appeared to be to that of wheat as 
2.1 to 1, which 1s s probably near to mo 
truth. 

The reader will perceive that the ratio of 
the comparative heats of water and wheat, 
as deduced from theſe experiments, is conſi- 
derably different from that which was pub- 
liſhed on the ſame ſubject in the firſt edition 
of this work. I was not then aware of ſome 
of the cauſes which tend to render the con- 
cluſtons from ſuch experiments erroneous. 

In the experiment on wheat formerly pub- 
liſhed, J endeavoured to aſcertain the tempera- 
ture of the mixture by thermometers placed at 
the 
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the ſacks, and at the bottom; and as the mix- 
ture, in the courſe of the firſt minute, was 
not ſufficiently agitated to produce an uni- 
form diffuſion of the heat, it became difficult 
to adjuſt the relative poſitions of the thermo- 
meters, in ſuch a manner as to determine the 


mean temperature with accuracy. The ſub- 


ſtances were alſo mixed in a wide-mouthed 
veſſel, which expoſed a large ſurface to the 
air, they therefore cooled rapidly ; for theſe 
reaſons a conſiderable inaccuracy aroſe in the 


calculation of the comparative heats of wheat 


and water, as deduced from that experiment. 
I muſt, however, obſerve, as an apology 


for this inaccuracy, that it did not ariſe from 


an error in the ſtatement of facts. I am 
convinced from the reſult of ſubſequent trials, 


that a ſeries of facts nearly ſimilar, would 


occur to others who ſhould take the trouble 


to repeat the experiments in ſimilar circum- 


ſtances. | 

I do not pretend to hin, that in repeat- 

ing ſuch experiments, a perfect coincidence 

of reſults can be obtained. In the work 

which I formerly publiſhed, I remarked, that 

a change in the temperature of the air in the 
K 3 room ; 


* 
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room; a variation in the time that was em- 


ployed in mixing together the ſubſtances, 
which are to have their comparative -heats 
determined ; a difference in the ſhape of the 
veſſel, or in the degree of agitation that is 
given to the mixture, will often produce a 


conſiderable diverſity in the reſult of the ſame 


experiment. But I can ſafely affirm, that 
nearly ſimilar reſults will be obtained when 
the experiments are repeated with a proper 
attention to theſe ſources of error; and the 


miſtake in the calculation of the comparative 


heat of wheat, as determined by the above- 


mentioned experiment, principally depended 


upon a fallacy in the deduction of the com- 
mon temperature from facts, which were 
obſerved with attention, and ſtated with 


fidelity to the public. 


It was before remarked, that in ths 24 


experiment, 1f the water and wheat had not 
been brought to a common temperature in 


the courſe of the firſt minute, leſs heat would 
have been apparently loſt in the ſecond re- 


petition of the agitation than in the third. 
This is proved by the experiment which 


follows, 
E x· 
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ww 


_ EXPERIMENT III. 


Air in the room 
Twenty. two ounces of dried 


- wheat at — 


were. mixed with 20 ounces of 


The circumſtances being the ſame as in the 
preceding experiments, excepting that the 
ſubſtances were not agitated when they were 


water at — 


135 
- 
* 
126.75 


mixed together, the temperature in 


The mixture being then 


1 minute was — 


agitated 12 times, the 


' 6th minute was — 


10 
11 


K 


temperature at the end 
of the 


100. 25 


100.75 


101 


- IRIS 


plus 


102 minus 


I2 
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1 — 102.75 minus 
13 <A — 102.5 
14. "OY — 102. 5 minus 
15 „ 18 i 
16 — 9 102.25 minus 
18 — * 182. 

19 — — | 102 minus 
32. — — 101.5 

24 — — 101 

26 — _ 100.5 

28 — 100 

= - pore 99-5 

32 oo Hou: 29 
=. = = 

38 — — 97˙25² 

40 — — 96.75 

42 — DS 96 plus 
44 925 _ 93-5 


Thus it appears, that when the warmer 
and colder ſubſtances were not agitated at the 
beginning of the experiment, the thermome- 
ter continued to aſcend during the firſt five 
minutes, after which the mixture being agi- 


tated 
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tated it t ſuddenly roſe one degree, When I 
firſt obſerved this appearance on mixing wa- 
ter and wheat together, I ſuppoſed that it 
proceeded from the production of ſenſible 
heat, in conſequence of a chemical union 
between theſe ſubſtances. But I was ſoon 
led to correct that opinion, becauſe I found 
that the ſame effect was produced when wa- 
ter and ſand were mixed in ſimilar circum- 
ſtances. By varying the experiment, and 
by examining the temperature of the mix- 
ture at the ſurface and at the bottom, I diſ- 
covered that the aſcenſion of the thermome- 
ter depended upon the unequal diſtribution 
of the heat, and upon the difference between 
the capacities of wheat and water. | 
For as no agitation was given to the mix- 
ture at the beginning of the experiment, 
the water and wheat were not brought to a 
common temperature, in the courſe of the 
firſt minute; and as the thermometer reach- 
ed from the ſurface to the bottom, it indi- 
cated a degree which was intermediate be- 
tween the temperature of the wheat and wa- 
ter. It was before obſerved, that this in- 
termediate heat muſt be leſs than the com- 


mon 
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mon temperature *, becauſe the capacity of 
the warmer being greater than that of the 


colder fubftance, when they were brought 


to a common heat, the increaſe in the tem- 
perature of the latter would be greater than 


the diminution in that of the former. The 


thermometer, therefore, continued to afcend 
until the mixture was brought by agitation 


m the fixth minute to a common heat, after 


which it began ſfowly to deſcend. If the 
temperature of the wheat were greater than 
that of the water, the reverſe of this would 
take place; for in that cafe, the mixture 


being agitated as above, the thermometer 
would ſuddenly fink ſeveral degrees. 


By experiments fimilar to thoſe which have 
been now recited, I endeavoured to deter- 


mine the comparative heats of moſt of the 
farinaceous vegetables, and of fome of the 


animal ſubſtances that are commonly uſed 
in aliment. The reſults are com 1 0925 in the 


following table. 


Table of the comparative heats of vege- 
table and animal ſubſtances, water bein g the 


ftandard; ET. 


” See the r on the experiments with fand 


and water, page 112. 
Com- 
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Common water — 1.000 
Horſe beans | — o. 502 ; 
Rice © — — o. 506 
Wheat — — 0.477 
Oats having the hulls taken off 0.416 

Peas — — 0.492 
Unhulled barle © — 0.421 
Lean of the beef of an ox 0.74. 
Hide of an ox with the hair 0.787 

Lungs of a ſheep  — 0.769 
Freſh milk of a cow o. 999 
Arterial blood of a dog 1. o3 


In the courſe of my experiments with 


farinaceous vegetables, I found that when 
ſome of thoſe ſubſtances were reduced to 
powder, and intimately mixed with warm 


water, they produced ſenſible heat. This 


will appear from the experiment which 


follows. 
EXPERIMENT IV. 


Air in the room — 62 
Twenty-two ounces of wheat coarſely 


powdered, being mixed with 18 ounces of 


warm water, and the mixture being reduced 


by agitation to a common heat, the tempe- 


| rature 
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rature as meaſured by a thermometer which 
reached from the ſurface to the bottom 
Was in 2 minutes 


31 


N. I 3 HI +EE+] 


CCC 


942 

94: 

941 plus 
95 minus 


95 plus 


954 
95² 


95¹ plus 
95 


95: plus 
96 minus 


96 minus 
96 minus 


96 plus 
96 plus 


957 


The wheat ſwelled in the courſe of this 
experiment, and towards the concluſion was 


covered by the water. 
From the gradual aſcenſion of the thermo- 


ſo much enlarged, as not to be 9 


meter during the ſpace of twenty minutes, 


it 


— — 
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it is manifeſt, that ſenſible heat miſt have 


been produced. 
Agreeably to this I 8. found, chat if 


wheat and warm water be mixed together, 
and ſuffered to cool, and if the mixture be 
heated a ſecond time, and again fuffered to 
cool, the progreſs of the refrigeration, in the 
latter inſtance, will be much ſlower than in 
the former; which proves, that the water 
having remained for a confiderable time in 
contact with the wheat, is at length enabled, 
by the aſſiſtance of a moderate degree of 
warmth, to contract a chemical union with 
it, and to produce ſenſible heat. | 
Senſible heat is likewiſe produced by mix- 
ing the powder of beans, peas, rice, oats, 
and barley, with water raiſed to 120.—My 
original intention in reducing theſe ſubſtances 
to a coarſe powder, was to bring them into 
ſuch a ſtate, as that they ſhould ſpeedily and 
intimately mix with water, this circumſtance 
being of importance to the accurate determi- 
nation of their comparative heats. 
They were pulverized by the following 
proceſs. Each of them was firſt ground into 
flour; it was then made into a thin cake with 
water, and baked in an oven till it became 
criſp”; 


r 
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criſp ; after which it was coarſely powered 


by beating it in a mortar. 5 
The coarſe powder of the farinaceous ve- 


getables which is thus procured, will readily 


mix with water ; ; whereas a conſiderable time, 
and much agitation, is required to mix the 
flour of theſe ſubſtances with that fluid. 
When the powders obtained by this proceſs, 
were intimately mixed with water, and raiſed 
to a moderate degree of warmth, they were 
found, as was before remarked, to produce 
ſenſible heat; which rendered the reſults of 
the experiments made with a view to deter- 


mine their comparative heats in ſome mea- 


ſure fallacious. I, therefore, had recourſe to 
the method which 1 had formerly adopted, 
of mixing thoſe ſubſtances with water in 
their entire ſtate; becauſe under theſe cir- 


cumſtances, they either do not produce ſenſi - 


ble heat, or the quantity produced is ſo ſmall, 
as not materially to affect the reſult of the 
experiment; and the comparative heats, may, 
by this mode of trial, be determined with a 
conſiderable degree of accuracy, if the pre- 
| cautions formerly mentioned be properly at- 
tended to, and particularly if the warmer 


and colder ſubſtances, _ they are maxed 
toge- 
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together, an placed in ſueh a ſituation, as 
that they ſhall. cool very, Nowly. For, in 
thar caſe, the heat loſt by the agitation ne- 
ceſſary to bring them to a common tempe- 
rature, will be inconſiderable., 1 5 oo 
The foregoing experiments prove i in gene- | 
ral, that fleſh, milk, and vegetables, contain 


leſs abſolute heat than water, and water leſs 


than arterial blood. Arterial blood, there- 
fore, contains a greater quantity of abſolute 
heat, than the principles of which it is com- 
The remarkable e of heat in 
this fluid, led me to ſuſpect, that it abſorbs 
heat from the air, in the proceſs of reſpira- 
tion. And in this ſuſpicion, I was much 
confirmed by the following conſiderations : 

1. Thoſe animals which are furniſhed with 
lungs, and which continually inſpire the freſh 
air in great quantities, have the power of 
keeping themſelves at a temperature conſi- 
derably higher. than -the ſurrounding atmo- 
ſphere. But animals that are not furniſhed 
with reſpirator y organs, are very nearly of 
the ſame temperature with the medium in 
which they If, 
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2. Among the hot animals, thoſe are the 
warmeſt, which have the largeſt reſpiratory 
organs, and which conſequently breathe the 
greateſt quantity of air in proportion to their 
bulk. Thus, the reſpiratory organs of birds, 
compared with their ſize, are more extenſive 
than thoſe of any other animal ; and birds 
have the greateſt degree of animal heat. 

3. In the ſame animal, the degree of heat 
is in ſome meaſure proportionable to the 
quantity of air inſpired in a given time. 
Thus we find that animal heat is increaſed 
by exerciſe, and by whatever accelerates re- 
ſpiration. | 

From theſe conſiderations, 15 was naturally 
led to a more particular examination of this 
ſubject: the reſult of which, is comprehend- 
ed in the following Frepo Hi 


PROPOSITION I. 


The quantity of abſolute heat abated 
in pure air, 1s diminiſhed by the change which 
it undergoes in the lungs of animals, and 
the quantity of heat in any kind of air that 
is fit for reſpiration, 1s nearly proportional 
to its power in ſupporting animal life. 
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| Before proceed to the direct proof of this 


propoſition, it is neceſſary to conſider the na- 
ture of the change produced in the air by 
the proceſs of reſpiration. It is now gene- 


rally agreed among Philoſophers, that the 
air of the atmoſphere principally conſiſts of 


two different ſpecies of permanently elaſtic 
fluids, which have been called by Dr. Prieſt- 


ley phlogiſticated and dephlogiſticated air. 


If a portion of atmoſpherical air be ex- 


poſed in an inverted jar to water, which has 
had its air ſeparated by boiling, it will be re- 
ſolved into the two fluids mentioned above; 


the purer part of it will be attracted by the 


water, and the noxious phlogiſticated part 


will remain in the veſſel unabſorbed. 
Moreover, if phlogiſticated and dephlogiſ- 
ticated air be mixed together in certain pro- 


portions, they will compoſe an elaſtic fluid 
which has a very near, if not a perfect ro- 


ſemblance to common air. Theſe therefore 


appear, both by the. ſynthetic and analytic 
mode of trial, to form the conſtituent parts 
of the atmoſphere, the dephlogiſticated air 
compoling nearly one fourth of the whole, 
and the remaining three fourths 2 
chiefly of Feile air. * 
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Of theſe conſtituent principles, it is the 


purer part alone which is affected by the re- 
ſpiration of animals. This J think is evident | 


from the following experiments. | 


If an animal be placed in a given quantity 


of atmoſpherical air, confined in a jar in- 


verted over water, after a certain length of 


time, it will fall into convulſions and expire; 


the air will be diminiſhed nearly one fifth of 


its bulk, and that portion of it which re- 
mains in the jar will be found to conſiſt of 
phlogiſticated, mixed with a very ſmall quan- 


tity of pure air, the latter having been ren- 
dered by its diffuſion through the former, 


unfit for miniſtring any longer to the reſpi- 


ration of the animal. If the experiment be 


made over lime water, the liquor will be- 
dome turbid, a precipitation will take place, 
and the quantity of calcareous earth preci- 
pitated, will be in proportion to the diminu- 
tion of the air. If the trial be made over 
mercury, no ſenſible diminution will take 


place; but if a ſmall quantity of cauſtic al- 
kali be introduced, it will be changed into 


the mild alkali, and the air will be diminiſh- 
ed in the ſame degree, as if the experiment 
had been made over water. 


—_ 
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ik the jar inverted over mercury, contain 


dephlogiſticated inſtead of atmoſpherical air, 
and if the animal placed in it be removed as 


ſoon as it begins to ſicken, and the cauſtic 
alkali be introduced, a much more conſider- 


able diminution will take place, and by the 


repeated introduction of the animal and of 


the alkali, almoſt the whole of the dephlo- 
giſticated air may be made to diſappear *. 
Hence it follows, that it is the dephlogiſti- 
cated part of the atmoſphere, which miniſters 
to the ſupport of animal life, and which is 
altered by the action of the lungs. wh 

It is extremely probable, that this altera- 


tion conſiſts in the converſion of pure into 


fixed air, by the union which the former 
contracts with inflammable air, or with its 
baſis, in the proceſs of reſpiration. That 
ſuch an union takes place in the lungs, will, 
I think; appear from the following conſide- 
rations. 

It is well known, that the blood under- 


goes a remarkable change of colour when 


circulating in a living animal, for the vivid 


* Vide Memoire ſur La Chaleur, par Monſ. Lavoiſier 
& De la Place, Ii a PAcademie Royale des Sciences, le 
juin 28. 1783. p. 52. | 
If arterial 
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arterial blood, in its paſſage through the ca- 


pillaries to the venous ſyſtem, acquires a 


deep and livid hue, and again reſumes its 


light and florid colour in the lungs. Dr. 
Prieſtley has proved, that ſimilar alterations 
are produced 1n the colour of the blood by 


expoſure to pure and inflammable air. For 


when vivid arterial blood is expoſed to in- 


flammable air, or to any other ſpecies of 


aerial fluid, known to contain that principle 
or its baſis, it ſpeedily acquires the deep and 
livid hue of venous blood. And, on the con- 
trary, when venous blood is expoſed to pure 
air, it acquires the light and florid colour of 
arterial; and theſe alterations are produced 
in an equal degree, when a thin bladder is 
interpoſed between the air and blood. The 
ſame · philoſopher has proved, that the air and 


blood which are employed in theſe ex peri- 


ments, undergo oppoſite changes, for pure air 
is vitiated by expoſure to venous blood; and 
on the contrary, inflammable air is abſorbed, 
and phlogiſticated air improved by expoſure 
to arterial blood: from the latter circum- 


ſtances it appears, that arterial blood has an 


attraction to inflammable air, or to its baſis. 
That 
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That inflammable air will produce a 


change of colour in the blood, when intro- 


duced into the veins of a living animal, ap- 


pears from the following experiment, which 


was tried by my ingenious friend Dr. Ha- 


milton.— Three ligatures were made on the 


jugular vein of a cat, and the portion of the 


vein contained between two of them, having 


been previouſly emptied of its blood, was 


filled with inflammable air. The air being 


confined in this ſituation, by cloſing the punc- 
ture through which it was introduced, the 


middle ligature was removed, in conſequence 


of which, the blood that was contained in 
the part of the vein intercepted between the 
middle and the third ligatures, was ſuffered 
to mix with the inflammable air. After an 
haur had elapſed, the blood being drawn 
from the vein, was found fluid, and had ac- 
quired a colour almoſt as dark as ink. At 
the time when this trial was made, a quan- 


tity of blood, as nearly equal as poſſible to 


the former, was likewiſe intercepted, during 
the ſpace of an hour, between two ligatures 
that were tied on the crural vein of the ſame 
animal. This blood being drawn from the 
vein, was found in ſome meaſure coagulated, 
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but not to ſo great a degree, as to be im- 
miſcible with water. To theſe portions of 
blood, equal quantities of water were added 

when it appeared, that the portion which. 
was expoſed to the inflammable air, impart- 
ed a much deeper tincture to the water, than 
that which had been drawn from the crural 
vein. Hence it appears, that when inflam- 
mable air is introduced into the veins of a 
living animal, it increaſes the livid colour of 
the blood, and at the ſame time diminiſhes 
- tendency to coagulation. T he inflam- 
mableair uſed in this experiment, was obtain- 
ed from iron filings, diſſolved in the vitriolic 


5 acid. It cannot be doubted, that the ſame 


effect would be produced, by expoſing the 
- blood to that ſpecies of inflammable air, 
which is obtained from animal ſubſtances. | 

Since, therefore, the ar terial blood under- 
goes the ſame change of colour in the capil- 
laries, that it ſuffers by expoſure to inflam- 
mable air; ſince it has an attraction to 
that fluid; and fince the ſeparation of in- 
flammable air from animal ſubſtances is 
promoted by heat, and by the tendency 
of the juices to putrefaction; we may 
I think ſafely conclude, that the change 
| which 
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which the blood undergoes in the capillaries, 


ariſes from its impregnation with this prin- 


ciple. And as the abſorption of inflam- 
mable air, or of its baſis, is the cauſe of the 

change, which is produced in the colour of 
the blood, during 1 its: circulation through the 
capillaries ;/ we may alſo conclude; that when 
the blood again recovers its florid colour in 


the lungs, the inflammable principle is de- 


tached. In this concluſion we may reſt 
with the greater certainty, becauſe. the ve- 


nous blood, in the lungs, is expoſed to the 


action of that ſpecies of air, which in other 
phlogiſtic procefles, 1s known to combine 
with the inflammable principle. In the pro- 
ceſs of reſpiration, therefore, the pure air, 
which is received into the lungs, combines 
with a portion of the inflammable air con- 
tained in the venous blood. $ 


The ſubſtances that are the reſult of the 


union between theſe fluids, in phlogiſtic pro- 
ceſſes, differ from each other, becauſe inflam- 
mable air, which is one of the ingredients, is 
of different kinds. Thus the inflammable 
air obtained by the ſolution of metals, in the 
vitriolic acid has, in ſeveral reſpects, diſtinct 
Prep from that which is obtained; by 

1 expoſing 
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expoſing animal and vegetable ſubſtances to 
heat in cloſe veſſels. The former has a much 


leſs ſpecific gravity than the latter; the 
firſt, when a lighted candle is dipped into a 
jar filled with it, explodes ; the ſecond burns 


with a lambent flame; the refiduum which 
ariſes from the combuſtion of the one, with 


a a certain proportion of pure air, in cloſe veſ. 
ſels, 1s water ; but that which ariſes from the 


combuſtion of the other, in ſimilar circum- 
ſtances, is fixed air. It is evident, that the fixed 


air found in the latter caſe, muſt either have 


pre-exiſted in the inflammable air, or it muſt 
have been produced by the union of this 


fluid, or of ſome part of it, with dephlogiſ- 


ticated air. From Dr. Prieſtley's experiments 
it appears, that it does not univerſally pre- 
exiſt in the inflammable air, for in ſome 


experiments, in which pure and inflammable 
air were mixed together, and fired by the 


electric ſpark, the quantity of fixed air, which 
was the reſult of the inflammation, was 
conſiderably greater than the entire quan- 
tity of inflammable air uſed in the proceſs “. 


Hence it is manifeſt, that either the whole 


* See Prieſtley's Experiments relating to various 
Branches of Natural Philoſophy, vol. III. p. 272. 


Or. 
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or a part of the fixed air found in thoſe expe- 
riments, muſt have been produced by a union 


of the inflammable air, or of ſome principle 


contained in it, with the dephlogiſticated air. 
It appears therefore, that fixed air 1s pro- 
duced by the combination of dephlogiſticated 
with lambent inflammable air, or with ſome 
of its conſtituent parts. It was before ſhown, 
that the laſt mentioned ſpecies of air, is 
united to the blood in the capillaries, and is 
again ſeparated from it, in the proceſs of re- 
ſpiration. And fince it is found, that fixed 
air is exhaled by expiration, a portion of the 
pure air being at the ſame time made to diſ- 
appear, there is I think the utmoſt reaſon 
to believe, that the fixed air, which is the © 
reſult of this proceſs, is produced by the 
union of the pure and inflammable air, which 
come into contact with each other in the 
lungs. To this concluſion it ſhould not be 
objected, that theſe fluids, when mixed to- 
gether, do not ſuddenly combine, unleſs an 
ignited body be applied to them; becauſe we 
know from the experiments of Dr. 'Prieſtley, 
that inflammable air, without the aſſiſtance 
of flame, is capable, in its naſcent ſtate, of 
contracting an union with pure air, 
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As it has been proved, however, by the 
very ingenious experiments of Mr. Caven. 
diſh, that water is the "reſult of the union 
between pure air, and the inflammable air 
which is obtained from metals, by the vitri- 
olic acid; it is poſſible, that a portion of the 
pure and inflammable air, which meet in the 
lungs, may undergo tliat peculiar mode of 
combination by which water is produced. 
And this opinion will be rendered more pro- 
bable, if we conſider that though the fixed 
air, which was the product of the above- 
mentioned experiments that were made by 
Dr. Prieſtley, conſiderably exceeded the in- 
flammable air, yet it was not equal to the 
ſum of the two airs, which were employed 
in thoſe experiments. From theſe conſidera- 
tions, I think we may conclude, that the 
pure air received into the lungs, combines 
with the inflammable principle, which is 
extricated from the blood, and that by this 
combination it is partly converted into fixed 
air, and partly into aqueous vapour *, .. 


* 


* After I had written the above, I found that Dr. Hig- 
gins maintains the ſame opinion See experiments on 
acetous air. 


In 
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„In order therefore to determine the truth 


"of the propoſition, it muſt be proved, that 
pure air contains a greater quantity of abſo- 


late heat than the fixed air and aqueous va- 


pour which arc exhaled from the lungs +, . 


I have examined with great care the com- 


parative quantities of heat contained in theſe 
fluids, and ſhall now proceed to communi- 
cate the reſult of my. enquiry. 

In the former edition of this work I ob- 
ſeryed, that from the imperfection of ther- 


mometers, and. the difficulty of judging by 


the eye of the fraction of a degree, perfect 


Some philoſophers have maintained, that the dephlo- 
giſticated air is abſorbed: by the blood. But this opinion 
does not appear to be ſupported by any deciſive experi- 
ments. Admitting it however to be true, it will not 
affect the general doctrine which I have endeavoured 
to eſtabliſh. — Becauſe if dephlogiſticated air be abſorbed, 
it muſt be ſeparated again by ſome of the emunctories: 
for if this were not the caſe, there would be an accu- 
mulation of it in the animal body. But it is not found 
that any of the ſecretions contain dephlogiſticated air. 
This fluid, therefore, ſuppoſing it to be received into 
the blood, muſt neceſſarily be altered in its properties; 
and it ſeems to be evident, that by coming into con- 
tact with the putreſcent parts of the ſyſtem, it would 


de changed into fixed air, or into water, and would 


conſequently have the ry of its abſolute heat dimi- 


niſhed. 
accuracy 
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accuracy in experiments for determining the 
heat. of air, was not to be expected ; and 


added, that I propoſed in future to endeavour 


to aſcertain with as much exactneſs as pol. 


ſible, the comparative quantities of heat in 


the different kinds of air, by a greater variety 
of trials, and by thermometers conſtrued 
for the purpoſe. I have ſince repeated my 
former experiments with as much accuracy 
as poſlible, and by giving a more minute at- 
tention to the circumſtances which influenced 
their reſults, I have endeavoured to make a 
nearer approximation to the truth. In con- 


ſequence of this, the reader will find, that 


the quantities of heat in the various kinds 
of air, as determined by my late experiments, 
are very different from thoſe recited in my 
former publication. It will appear, how- 
ever, that the general facts on which the 
theory is founded are true, and I am per- 
ſuaded, that, with the candid and judicious, 
the novelty of the ſubject, and the extreme 
difficulty of the undertaking, will in ſome 
meaſure plead my oy for the errors in 

that work. x 
Before we can arrive at much preciſion in 
experiments, we muſt be acquainted with 
| the 
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the various cauſes which may render their 
reſults fallacious; and in a new and obſcure 
branch of ſcience, a knowledge of theſe cauſes 
can only be obtained by ne nay and 
attentive obſervation. | | 
The peculiar difficulty of deter mining wh 
preciſion the comparative heats of the diffe- 
rent kinds of air, ariſes partly from the fu- 
gitive nature of heat, partly from the rarity 
of the permanently elaſtic fluids, in conſe- 
quence of which not more than fifteen. or 
twenty grains of them can conveniently be 
employed in an experiment, and partly from 
the changes that they are liable to undergo, 
with reſpect to purity and the quantities of 
moiſture which they contain. | 
When the experiment is made by __ 
ducing a few grains of warm air confined in 
a bladder into an equal bulk of water, as the 
ſpecific gravity of the latter ſo greatly ex- 
ceeds that of the former, it is manifeſt that 
very little heat will be imparted to the water. 
For the ſame reaſon, if different elaſtic fluids 
be employed, the differences in the quanti- 
ties of heat communicated will be minute ; 
and in that caſe, as from the imperfections 
of our ſenſes, and of thermometers, every 
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AR 


experiment is neceſſarily attended with ſome 
degree of inaccuracy, the errors of the 
obſervations will bear a conſiderable propor: 
tion to the differences which are to be aſcer- 
tained ; the reſults will therefore be liable 
to much uncertainty. _ 

A variety of expedients were tried with 4 


view to obviate this difficulty ; a few of which 


I ſhall briefly relate, as they enabled me to 
aſcertain ſome of the moſt important circum- 
ſtances that require attention, in trials for 
determining the heat of air, arid led to a 
mode of making the experiment which ap- 
pears to be deciſive. My firſt oy or Was 
as follows: 

In the fide of a webe olaſs tube, that 
was of ſuch a ſize as to contain nearly half 
an ounce of iron filings, a ſmall aperture was 


made, through which a very ſenſible ther- 
mometer was introduced into the centre of 


the tube, being kept in its place by means 
of a cork cloſely adapted to the aperture. A 
bladder having a braſs cock tied to its neck, 
was occaſionally fixed to the lower end of the 


tube. The air, which was to be the ſubject 


of an experiment, being confined in this 


bladder, was raiſed to the required tempera- 


ture 
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ture in a Dutch oven, and was then forced 
through the filings contained in the tube, by 
a preſs which had a weight applied to it. 


Thus a conſiderable quantity of warm air was 


made to paſs through- a ſmall quantity of 
cold iron filings. It is proper to obſerve, 
that the bladder was ſurrounded by ſeveral 
folds of flannel, in order that the heat might 
be retained in the air, during the ſhort: time 
which was employed in forcing it through 
the tube. As complete a ſeparation as poſ- 
ſible was made, between the bladder and tube, 
by means of thick flannel. 
With this apparatus I made the following 
experiments, which, as they tend to throw light 
upon the ſubject of the preſent enquiry, ſeem 
not unworthy of attention, though they do 
not lead to any direct concluſion reſpecting! the 
. which I had . in view. 


ExYERIMENT I. 


Fourteen ſcruples of dry iron filings being 
introduced into the crooked glaſs tube, and 
the thermometer in the centre ſtanding at 
49: nearly 40 ounce meaſures of atmoſphe- 

rical 
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rical air were heated in the bladder to 110, 
and made to paſs through the filings by means 
of the preſs and weight mentioned above. In 
one minute and ſeven ſeconds nearly, the 
thermometer ſtood at 57. It was therefore 
raiſed 74 degrees. I continued to repeat this 
experiment for the greater part of the day, 
with the ſame bladder, and found, that the 
heat communicated to the filings gradually 
diminiſhed, till at length the reſult was as 
follows. The thermometer in the centre be- 
ing 481 nearly, 40 ounce meaſures of atmo- 
ſpherical air were raiſed to 1 18, and paſſed 
through the filings as above. In one minute, 
the thermometer ſtood at po. It was there- 
fore now raiſed only 2 degrees. Though I 
repeated the laſt experiment with all the at- 
tention I was capable of, yet I found the 
filings in ſuch a ſtate, that not more than 
2 degrees were communicated by the hot air 
which was forced through them. I then re- 
moved the filings from the inſtrument, and 
perceived by their adhering to each other, and 
to the inner ſurface of the tube, that they 
had collected a conſiderable quantity of moi- 
ſture. The filings and tube being made per- 


fectiy dry, and the experiment again repeat- 
ed 
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ed on the enſultig day, the thermometer was | 
raiſed as at firſt more than 7 degrees. 
The air being made to paſs repeatedly 
through the ſame filings, the city of heat 
which it communicated, gradually diminiſhed, 
and the filings were found to have contracted 
moiſture, as in the former experiments. 
That the moiſture imparted to the filings 
in theſe inſtances was derived from the blad- 
der, is proved by the experiments which were 
made with the following apparatus. = 
plate 1. fig. 6. 2 
A copper worm HK was fixed in a 28 
veſſel FG, which was occaſionally filled 
with warm water, or with melted ſpermaceti; | 
one extremity of the worm M, terminated in 
a pipe which paſſed through the fide of the 
veſſel, and which was ſo contrived, as to be ca- 
pable of ſlipping into a braſs tube connected 
with the bottom of the ſmall glaſs veſſel AB, 
that contained iron filings, the pipe and tube 
being made to fit each other with ſuch exact- 
neſs, as to be air tight. By a ſimilar con- 
trivance, the other extr emity of the worm was 
joined to the bladder C D, in which the air 
was contained. At the point E, a thermo- 
meter was inſerted ! in the worm, to ſuch a 
M * 
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depth, that the current of air muſt neceſ. 
ſarily ſtrike againſt its bulb. To the upper 
extremity of the glaſs veſſel AB contain- 
ing the filings, was fixed a crooked tube 
AL, the farther end of which was introduced 
into the mouth of an inverted glaſs jar RS, 
that was placed in the wooden veſſel P O. 
To this jar a ſcale was applied, by the help 
of which the quantity of air employed in the 
experiment was accurately meaſured. 

It is manifeſt, that the air expelled from 
the bladder by means of the preſs formerly 
mentioned, would in paſſing through the 
worm acquire the heat of the ſurrounding 
fluid, and having imparted its heat to the 
cold filings contained in the glaſs tube A B, 
would afterwards be received into the invert- 
ed jar RS, that had been a en filled 
with water. 

I was at firſt induced to contrive . ap- 
paratus, hoping that I ſhould have been 
enabled to determine by it, the comparative 
heats of the different kinds of air. In that 
expectation, however, I was diſappointed. 
Zut, as was before obſerved, the trials that 
were made with it, clearly proved the effect 


of the moiſture derived from the bladder in 
| influ- 
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Hfluenting the reſults of ſich experiments. 
It may not be improper briefly to relate, the 
experiments by which this was man 


EXE AMA r it. Fob 


1 quantity of melted ſpermucert's at 107 
having been poured into the veſſel F G, 
nearly 28 ounce meaſures of atmoſplierical 
air included in the bladder, were made to 
paſs by means of the preſs and weight unn 
the worm and filings. 

In this experiment, the air in the bladder 
had the ſame heat with that in the toom. 
During its paſſage through the worm, it ac- 
quired the heat of the melted ſpermaceti; as 
appeared from the thermometer employed to 
indicate its temperature. This heat it im- 
parted to the cold iron filings, which were 
raiſed by it; in one minute, four degrees: 


ExprRIMENT II. 


The melted ſpermaceti being again intro- 
duced into the veſſel, 28 ounce meaſures of 
atmoſpherical air, included in the ſame blad- 
der, which had not been uſed for a conſi- 

M 2 d4erable 
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derable time, were gradually raiſed in a 
Dutch oven to the temperature of 95. The 
air was. then forced through the worm 
and filings, and the heat imparted to the lat- 
ter, in one minute, was 8 degrees. 
In both theſe experiments, the air had ac- 
quired the temperature of the melted ſper- 


maceti, as was evident from the thermometer 
inſerted in the worm; and from the difference 


of the heat imparted to the filings, it is ma- 
nifeſt that, in the ſecond experiment, the 
warm bladder muſt have communicated 


moiſture to the air contained in it; but in 
the firſt, as it had not been previouſly heated, 


it was not in a condition to produce that ef. 
fect. Hence we may perceive the cauſe of 


the gradual diminution of the heat, in the 


experiments recited in page 159. 
The bladder uſed in theſe experiments, 


had imbibed moiſture in conſequence of its 


expoſure to the external air. When it was 


firſt heated, it communicated a portion of 


this moiſture to the air contained in it, and 
the air in theſe circumſtances, being filtered 
through the cold dry filings, the vapour which 
was mixed with it was condenſed, the filings 
became moiſt, and much ſenſible heat was 

‚ pro- 
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produced: but in the ſueceeding experiments, 
as the bladder was more perfectly dried, in 


conſequenee of being more frequently heat- 
ed, it communicated a ſmaller quantity of 


moiſture to the air which it contained; and 


_ conſequently the latter, in paſſing through 


the damp iron filings, gradually parted with 
leſs and leſs aqueous vapour, till at length it 
would not any longer give off -moiſture; but 
would rather be in a condition to abſorb it. 


Agroeeably to this J have found, that when 


the experiment was made by heating air con- 
fined in a bladder, and immerſing it in' cold 


water, the heat imparted to the water was 


greater or leſs, in proportion as the bladder 
communicated to the air which it contained, 
a greater or a leſs quantity of moiſture. ' 


Of this I ſhall mention the following hi. 


ſtances. 


Fourteen ounce meaſures of atmoſpherical 


air were introduced into a ſmall bladder, 
which weighed very nearly a drachm and an 
half, and which had been perfectly dried, 


having been previouſly freed from its oil, by 


waſhing 1 it carefully in ſoap and warm water. 
The temperature of the room © 
being —— — 50, # 5 
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ho ooh air contained in the 
bladder was gradually raiſ- 
ed in a Dutch oven to 101, 
And was ſuddenly immerſed i 
in 18 ounces of water, 
which had the tempera, i | 
=: TWO: of om — 1 48.6, 11 5 
In three minutes the water e 
Was. ˖ ˖ —˖ nt 49.1 nearly. 
The air, W with the bladder in 


which it was confined, een to the 
. 1 of a degree nearly. ee ory 


But if great care was not Win to free the 
bladder from moiſture; the heat impart rted to 
the water in ſimilar trials, was not leſs than 
8 or g-tenths of a degree. And when blad- 
ders ſomewhat larger were uſed, as in the 


experiments which were formerly publiſhed 


on this ſubject, the quantity of heat com- 
municated was more than a degree. 


It appears, therefore; that theſe experi- 


ments are liable to great variations, from the 


moiſture imparted by the bladder to the air 


which it contains. When, the trial was made 
with the apparatus. deſcribed above, the re- 
| ſult was alſo affected by the moiſture which 
the i filings * contain; and as the 

| air 


F 
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air neceſſarily flowed through a portion of 
a cold pipe, in its paſſage to the crooked 
tube, much heat was diſſipated before it 


came into contact with the filings. It is ma- 
nifeſt, that the calculation of the heat which 


was thus loſt, muſt be attended with much 


uncertainty. | 
Finding that cla methods of making 10 


experiment, were liable to ſo many ſources 
of fallacy, I next endeavoured to aſcertain 
the relative capacities of the various kinds 
of air, by heating them in Florence flaſks, 
and immerſing them in water ; the tempe- 
rature of the air being meaſured by a very 
ſenfible- mercurial thermometer, introduced 
into the centre of the flaſk through a cork 
adapted to Its mouth, and that of the water, 
by fimilar thermometers, which had each 
degree of F arhenheit 8 ſcale en into ten 
equal parts. | 
In my firſt attempts to determine the com- 
parative heats of the permanently elaſtic 
fluids by this apparatus, the Florence flaſk 
was filled with water previoufly to the in- 
troduction of the air.” But I foon found, 
that the quantity of moiſture which adhered 
to the internal ſurface of the veſſel, rendered 
M 4 the 
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the reſult of the experiment precarious. For 
this reaſon, in my ſubſequent trials, the flaſk, 
before the air was 2 into it, was 
filled with mercury. 

From theſe trials it clearly e that 


| dephlogiſticated aw communicated more heat 


to water, than fixed or phlogiſticated air, in 
ſimilar circumſtances. 
It was found, however, from the errors 


produced by variations in the relative poſi- 


tions of the flaſk, and of the thermometers, 
and from the difficulty of introducing the 
former into the water, with equal velocities, 


in different experiments, that the eompara - 


tive heats of the permanently elaſtic- fluids, 
could not be determined. by this mode of trial 
with ſufficient accuracy. 


It may be proper to add, that in ſome of | 


the experiments which were inſtituted in the 
courſe of this enquiry, I employed a ſpirit 
of wine thermometer, that had each degree 
divided into an hundred equal parts diſtinetly 
viſible by the naked eye. The preference was 
given to that fluid for theſe experiments, as 

it is much more expanſible by heat than 


mercury. With this inſtrument, I hoped 


that I ſhould have been able to have diſtin- 
guiſhed 
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guiſhed minute variations of heat; but it did 
not anſwer my expectations. 
For when thermometers are conftriatios 


in ſuch a manner, that the ball or cylinder 


in which the fluid, that meaſures the heat is 
contained, ſhall bear ſo great a proportion 


to the ſize of the bore, as that each degree 


may be [ſubdivided into many equal parts, 


hat is gained in the magnitude of the ſcale, 


is loſt in the diminiſhed ſenſibility of the in- 


ſtrument. When the above-mentioned ther- 


mometer, for example, was immerſed in wa- 
ter that had a higher temperature than itſelf 


by v of a degree, it did not acquire the heat 


of the water, in leſs than a minute and a 
half, And when the ſame thermometer, to- 
gether with a very ſenſible mercurial one, 
were placed in a ſmall veſſel containing wa- 
ter to which heat was applied externally by 
the hand, the mercury roſe ſeveral 2 


higher than the ſpirit of wine. 


Since, therefore, large thermometers, kick 


are made with ſpirits of wine, are very de- 


fectiye in point of ſenſibility; and ſince it 


appears, that when they are applied to a ſub- 
ſtance which has a variable heat, they never 
indicate its true temperature; they are to- 


tally 


bh 
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tally improper for nice experiments, in which 
minute var rg of heat are 0 be acer. | 


hh likewiſo made wah Ws air eee | 


with a view,” to determine the comparative 
heats of the permanently elaſtic fluids; but 


theſe, though very ſenſible, did not anſwer 


the 2 ee nn in ae 1 ac- 
cura. 
In the otitis Ws my We on 1 this 


ſubject, fixed and phlogiſticated air were 


found to undergo a err change, when 


expoſed to heat in bladders. 
This will m_ Wa: th experiments 
which follow. e ee eee 


eie compleatly noxious was obtained! by 
forcing frefh air into the touch-hole of a 
gun barrel, the butt-end of which contain- 


ing à ſmall En ol n was eee 


n het! en ole eilt 

The air thus unos enden ene by 

means of a crooked tube fixed to the mouth 
on” the barrel, in an venta _ tiled with 


53 2 1 1 


1 ol will be en in the wel that a e was 
diſcovered of employing, with advantage, large mercurial 
thermometers, to bands the comparative heats of the 
permanently elaſtic Auids. 
Warner. 
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water. Being carefully examined by Dr. 
prieſtley's teſt, it was found, that two mea- 


ſures of it mixed with one of nitrous air, oer 


cupied the ſpace of three meaſures. A'quart 
and half a pint of this air, was then intro- 
duced into a thin bladder, ſurrounded with 
a covering of - flannel, and was gradually 
raiſed in a Dutch oven placed before a fire 
in the room; to the temperature of 130. 


After which, it was very nearly as good as 
common air, two meaſures of it, and one of 
nitrous air, occupying the ſpace of two mea- 


ſures . It is neceſſary to obſerve, that this 
experiment was made in a very thin hog's 
bladder, which had been preyiouſly well rub- 
bed. If the experiment be made in a thick 


bladder, that has not been hs robes, 


it will not ſucceed. 
A ſimilar improvement was made in ; Gund 
air by expoſure to heat in bladders. It is 


proper, boweper, to remark, that in the * 


* When air 7 obtained from roſin, i in the manner 
aboye deſcribed, was expoſed to heat, a penetrating ſmell 
was perceived to iſſue from the bladder in which it was 
confined, but this effect was produced in a much flghter 
degree, when the air, previouſly to its expoſure to heat, 


had been kept for a conſiderable time in contact with 


water, 


by 


{er 
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ter ſpecies of air, the change was effected 
with greater difficulty; more heat, and a lon. 
ger time being required to produce it. 
© I ſhall obſerve in the laſt place, that if air 
confined in a bladder, and heated as above, 
be immerſed in water, which is nearly of the 
fame temperature with the atmoſphere, leſs 
heat will be imparted, all other circumſtances 
being equal, than if it had been immerſed 
in water ſeveral degrees below the tempera- 
ture of the atmoſphere ;' a portion of the 
heat communicated, in the latter inftance, be- 
ing evidently derived from the external air, 
in conſequence of the agitation given to the 
water, by immerſing in it a body that has a 
* ſurface. The error ariſing from this 
cauſe may be 3 by the 3 ex. 
periment. 
Air in the room e ee. 5, 
A pint of water in a tin veſſel be- 
ing found, when tried by a very 
accurate thermometer, that had 
each degree divided into ten equal 
parts, to have the temperature of 74 55 
And a pint of atmoſpherical air, 
which was contained in a blad- 
der, and which had preciſely the 
ſame 
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ted fame heat with the air in the 
n- room, being ſuddenly immerſed 
in this water, the latter was 
air raiſed Wn 1 only” 


ve, | 
the Agreeably to this I have obſerved, that if 
eſs phlogiſhcated air, which had been made 50 
ces degrees hotter than the air in the room, was 
ſed immerſed in water one degree below the tem- 
a- perature of the atmoſphere, it would com- 
the municate more heat, by nearly one-tenth of 
Yo a degree, than if it had been immerſed in 
ir, water, only half a degree below the 8 
he rature of the atmoſphere. 
4 The water uſed in the above experiment; 
lis had been raiſed to 75.1, after which it had 
N remained in the room more than an hour; 
during this time jit was cooled by evaporation 
5. to 74. 5, and at this point it remained ſtati- 


enary, the air in the room being 75.5. 

In a former experiment, the air in the 
room being 72.5, and the ſame thermome- 
ter being introduced into a pint of water 
that was raiſed in the ſame veſſel to 72.5, 
the temperature of the water was found to 
tall, in a ſhort time, to 72, the air remain- 
ing at 72.5. 


* 


The 
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The laſt experiment was repeated with ; a 
ſimilar reſult, when the air was at 65. 
This ſeems to prove, that the medporation 
from the ſurface of water, is not always in 
proportion to the heat of the external air; 
but is ſometiines the ſame at different tem- 
peratures, and different when the ner, 
tures are the ſame. 
From theſe facts and obfarnaticns it will 
appear, that the following cireumſtances re- 
quire attention, in experiments for deter- 
mining the comparative heats of the perma- 
nently elaſtic fluids: | 
1. The portions of the aerial fluids that 
are to be ſubjected to the experiment, ſhould 
be free from moiſture : or at leaſt the quan- 
tities of moiſture which they contain, ſhould 
be as nearly equal as poſſible. 
2. The trials ſhould: be made in ſuch a 
manner, that thoſe fluids may undergo no 
change during the experiment. : 
3. If the experiment be made by immerſ- 
ing air in water, the temperature of the lat- 
ter, previouſly to the immerſion, ſhould be 
ſomewhat lower than that of the air in the 
room; and it is of great importance, that 
the difference between the heat of the ſur- 
rounding 
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rounding atmoſphere, and of the water, be- 


fore the air is introduced into it, ſhould: ” 
the ſame in different experiments. 
The air ſhould be eee into the 
water as ſpeedily as poſſible; and in different 
experiments, the velocities of introduction 
ſhould be equal. N 
5. In order to magnify the differences be- 
tween the heats communicated by the vari- 
ous kinds of permanently elaſtic fluids, it is 
proper to raiſe them to a high temperature, 
previouſly to their immerſion in the water; 
for the heats imparted by thoſe fluids, and 
conſequently the differences of the heats which 
they communicate, will be nearly in propor- 
tion to the exceſs of their temperatures, above 
that of the water in which they are immerſed. 
This, however, muſt be underſtood with 


ſome limitation; for when the temperature 


of the air that is to be employed in the ex- 
periment is very high, a part of the water 
will be converted into vapour at the moment 


of immerſion, and much heat will be loſt. 


If oil be uſed as a ſtandard inſtead of water, 
the raiſing of the air to a very high degree of 
heat, will moreover be ſubject to this in- 
convenience, that a conſiderable time will be 

required, 
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required, after immerſion, to bring the ait 
and oil to a common temperature. I have 
found in general, that the air may be raiſed 
with advantage, nearly to the heat 10 boil- 
ing water. 

6. It 1s of importance to rie thermo- 
meters, which are very ſenſible, and which 
at the fame time have as large a ſcale as poſ- 
fible. Theſe qualities are with difficulty 
combind in the ſame inſtrument. They 
may, however, be in ſome meaſure united by 
uſing ſmall mercurial thermometers with ny 
fine bores. 
Of the different fluids that have hitherto 
been tried for the purpoſe of meaſuring mi- 
nute variations of heat, mercury is decidedly 
the beſt; for air is defective in point of ac- 
curacy, and all other fluids, excepting air, 
are inferior to mercury in ſenſibility. 

7. In different experiments the thermo- 
meter ſhould be kept preciſely at the fame 
-diſtance from the bladder or veffel contain- 
ing the air, and from the ſurface and bottom 
of the water. | 
. It is of great importance that the air, 
-and the fluid to which it imparts its heat, 
ſhould ſpeedily — a common tempera- 

r ture; 
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ture; and, on the contrary, that the fluid to 
which the heat is imparted, ſhould give off 


that heat as ſlowly as Andr to the ſufrétn⸗ 


ing atmoſphere. 

With theſe circumſtances in view, I con- 
trived an apparatus for determining the com- 
parative heats of the different kinds of air, the 
outlines of which are expreſſed in plate II. 

AB, CD, repreſent two flight braſs cylin- 
drical veſſels, of equal weights and capacities, 
terminating in the ſmall tubes /s, 7+, at the 
extremities of which are fixed the braſs cocks 
and x. Theſe cocks are joined to the croſs 
bar MN, which conſiſts of two elaſtic braſs 
plates that are ſcrewed together at the mid- 
dle, but are capable of being ſeparated from 
each other, to a little diſtance, at their ex- 
tremities; in conſequence of which the necks 
of the cocks, that are fixed to the ſtems of the 
brafs veſſels, can be ſlipped in between them, 
where they are lodged in grooves formed for 
receiving them, and are made faſt 'by ſmall 
ſcrews that paſs through the extremities of 
the plates. To the middle of the croſs bar 
is fixed a ſquare ſocket, the inner ſurface of 
which 1s finely poliſhed, and which is of ſuch 
a e as to be accurately adapted to the 

, N poliſhed 
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| poliſhed upright bar E F, and at the fame - 
time eaſily moveable upon it. At equal dif. 
tances from the upright bar. are placed the 
tinned veſſels GH, IK, that have a little 
more than double the capacity of the braſs 
cylinders. The diftances of the veſſels and 
eylinders from the upright bar are fo adjuſt. 
ed, that when the cylinders are made to de- 
ſcend, they ſhall be directed by the bar and 
ſocket preciſely into the centres of the tinned 
veſſels, and when, in deſcending, they have 
arrived at:; of an inch from the bottoms 
of thoſe veſſels, they are ſtopped by means 
of a pin fixed in the upright bar at the point 
T. The cylinders being formed for the pur- 
pole of receiving the airs, which. were to 
have their comparative heats determined, were 
made very ſlight, in order that the quanti- 

ties of the airs, might bear as great a propor- 
tion as poſſible, to the weight of the veſſels 
in which they were contained. With a view 
to diminiſh the inaccuracy unavoidably arif- 
ing from the heats communicated by the 
cocks s, & and by the croſs bar MN, the 
tubes /s, rk, were made very flight, and of 
a conſiderable length ; the diſtance from the 
cocks to the braſs cylinders, being four inches 
| and 
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ang feven-cighths. From the length and 
{li -htnels of the tubes, it was found that the 
braſs cylinders could not be kept ſufficiently 
ſteady, in the centres of the tinned veſſels, by 
the croſs bar MN. For this reaſon another 


| bar OP was added, a lateral view of which is 


ſeen in figure 1ſt, plate III. 
4 b repreſents a narrow braſs plate of a 


cfiderable thickneſs, to which is fixed the 


ſocket o h, moveable upon the upright bar 
formerly deſcribed. The two thin plates c 7, 
dk, are riveted to 4 ö, at the points o and p. 


and their extremities ] and m are formed into 


grooves which are adapted to one half of the 
circumference of the ſtems of the braſs cylin- 


| ders, to the other half of which are cloſely 


applied two braſs pieces, which are alſo 
grooved, and which are faſtened to the plates 
by the ſcrews / and s. The two male ſcrews, 

gand h, are paſſed through the extremities of 


| the thick plate 25. Theſe are introduced into 
| two correſponding female ſcrews in the thin 
| plates cn, d, by means of which, it is 


evident that the latter may be made to ap- 
proach nearer to the former, or to recede to 


| 4 greater diſtance from it. This motion is 


communicated to the ſtems of the braſs cylin- 
N 2 ders, 
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ders, by means of which they are adjuſt- 


ed, in ſuch a manner, as that, when they 
are introduced into the water, they ſhall be 
accurately in the centres of the tinned veſ- 


ſels, where they are kept ſteadily in their 


proper poſitions. The ſuperior and inferior 
croſs bars are connected together by a thin 


plate of braſs, which paſſes from the ſocket 
of the former to that of the latter, and which 


is made faſt by means of ſcrews. The ſcrew 


that fixes this plate to the ſocket of the in- 


ferior bar, is of ſuch a length, as, when 


ſcrewed home, to extend to a ſmall diſtance | 


beyond its inner furface, by which means 
the apparatus, in deſcending along the up- 
right bar, may be faſtened to any part of it. 
To each of the tinned veſſels two very ſmall 
mercurial thermometers are fixed, which are 


of different lengths, the longer reaching as 


far as the centre of the veſſel, the ſhorter 
extending a little lower than the ſurface. 
The thermometers 4 and cd, (fee the 
figure, plate II.) which indicate the heat in 
the veſſel G H, are applied to a thin plate of 
ivory e ½ which has two ſcales divided upon 
it, one for each thermometer. This plate is 


fixed to the veſſel by means of a clamp gb, 
the 
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the ſhank of which (g þ) conſiſts of two thin 
elaſtic braſs plates, united at the top, and 
ſeparable from each other at the lower ex- 
tremity. For the purpoſe of admitting the 
thermometers, the projecting part v, hav- 
ing the figure of a paralelopiped, was added 
to the tinned veſſel. The exterior fide of this 
projection, is received between. the plates of 
the ſhank deſcribed above. Theſe plates are 
cloſely applied to it by means of their elaſti- | 
city, in conſequence of which the clamp is = 
ſteadily retained 1n its poſition, at the ſame | 1 
time that it admits of a conſiderable degree 1 
of elevation or depreſſion. Hence the depth 
to which the thermometers are ſunk, may be 
varied at pleaſure; and in order that this 
depth may be accurately known, a ſcale of 
equal parts is divided upon the exterior plate 
of the ſhank. Through the upper part of 
the ſhank is paſſed a ſmall male ſcrew 8, ſimi- 

lar to that which is uſed in adjuſting the focus 
of a teleſcope. This is introduced into a cor- 
reſponding female ſcrew inſerted in the ivory 
plate, which has the thermometers fixed to it; 
and as that plate is ſuſpended in the clamp by 
a pin, around which it has a free motion, it 
is manifeſt that by turning the above- men- 
N 3 tioned 


| 
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tioned ſcrew, the thermometers may he made 


to approach nearer to the centre of the veſſel, 
or to recede farther from it. h 

For the purpoſe of admitting a third hs 
mometer, which was uſed in ſome experi- 
ments, a ſmall female ſcrew was ſoldered 
obliquely near to the bottom of each of the 
tinned veſſels. Through this the thermo. 


meter was introduced into the veſſel, and 


was made faſt by means of a male ſcrew 
cemented to its ſtem. Theſe ſcrews preſſed 
upon each other by flat ſurfaces, which were 
ground with ſuch accuracy, as to be oil or 
water tight, without the help of leathers. 
Two ſmall mercurial thermometers I and (ſee 
fig. plate II.) were introduced by means of 
ſcrews into the centres of the braſs cylinders, 
for the purpoſe of meaſuring the heats of the 
airs which they contained. Theſe thermo- 
meters have the degrees divided upon their 
ſtems by a diamond. 

The following method was employed to free 
the air from moiſture, and to introduce it into 


the braſs cylinders: ſee plate I. fig. 7. 4b 


repreſents a pewter ſyringe, which is-occaſion- 
ally filled with water, and inverted in a veſſel 
containing the ſame fluid. The ſyringe be- 


: T : ns 
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ing placed in this ſituation, the air, which is 
to be the ſubject of the experiment, is intro- 
duced into it by means of a glaſs funnel. 
When the air is introduced, a ſmall pipe g B, 
which has the cock 7 fixed to it, is ſcrewed to 
the extremity of the ſyringe below the ſurface 
of the water. The cock being open, the pifton 
(20) is forced a little downward, to expel the 
water with which the pipe g is unavoidably 


filled, when it is ſcrewed to the ſyringe. Up- 
on this the cock being cloſed, and the ſyringe 


being raiſed from the water, it is ſcrewed to 
the worm E, that is fixed in the wooden vef- 

ſel 7 1, and is ſurrounded with A mixture of 
ſnow and falt. 

A flaccid bladder previouſly freed from. 
air, by rolling it with packthread, and hav- 
ing a braſs cock 5; firmly attached to its neck, 
is ſcrewed to the extremity of the worm /. 
The communication through the worm is 
then opened by turning the cocks þ and g; and 


the air is gradually forced from the ſyringe 


into the bladder, in which it is confined by 
ſhutting the cock. The bladder containing 
the air is next ſeparated from the worm, and 
is ſcrewed to the extremity of the cock, which 
is fixed to the ſtem of the braſs cylinder, the 

N 4 _ 1 
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latter having been previouſly exhauſted by 
an, air pump; the communication is now 
opened by turning the cocks, and the air 
ruſhes from the bladder into the cylinder. 
The worm is ſurrounded with a mixture of 
ſnow and ſalt, that the air, by the cold to 
which it is expoſed in its paſſage, may be as 
much as poſſible freed from moiſture. The 
experiments which have been made to prove 
that ice evaporates, cannot properly be ob- 
jected to this method of ſeparating moiſture 
from the air. For my friend, Mr. Wilſon, 
bas diſcoyered by ſtatical experiments, that 
at very low temperatures, no evaporation 
takes place from the ſurface of ſnow *. 

In trials for determining the comparative 
heat of air, by means of the apparatus now 
deſcribed, it is- of great importance that the 
worm, the bladder, and braſs cylinder, ſhould 
be perfectly dry; and this circumſtance be- 
ing properly attended to, I have not found 
any difference to take place, between the heat 


* It "Kol been proved by Wallerius, that the evaporation 
of ice is greateſt at the moment of congelation ; and that 
it diminiſhes when the cold is increaſed. See Wallerius 
Memoir de I' Academie de Suede, 1746. The experi- 
ments of Wallerius on this ſubject are confirmed by thoſe 


of Muſchenbroke. 
Com- 
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coinmunicated to water by air, which, pre- : 
viouſly to ĩts introduction into the cylinder, 
had been cooled to a low temperature, and 
by that which had been introduced at the 
temperature of the air in the room. It is 
proper, however, that the airs ſhould be in- 
troduced at a temperature ſomewhat lower 
than that of the water in the tinned veſſels; 
becauſe we are then certain that they do not 
contain any aqueous vapour, capable of be- 


ing condenſed oy the fluid! in which in are 
immerſed. | 


From Sauſſeur's experiments = appears 
3 


that the quantity of aqueous vapour attracted 
by the air of the atmoſphere, when at 65 of 
Farhenheit, is very ſmall, a cubic foot of air 
requiring not more than eleven or twelve 


grains of vapour to bring it from the ſtate of 
perfect dryneſs to that of extreme moiſture. 


Hence it follows, that not more than + of :a 


grain would be neceſſary to ſaturate with 


aqueous vapour, 37.9 cubic inches of air, 


which is equal to the ſolid content of one of 
the cylinders. It has alſo been proved by the 


ſame Philoſopher, that minute quantities of 
water are ſufficient to ſaturate the other per- 


manently elaſtic fluids. When we find, there- 
fore, 
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fore, that the aerial fluid, which is to be the 
ſubject of our experiment, is at any of the 
intermediate degrees, between the points of 
ſaturation and extreme dryneſs, we are ſure 
that it contains a _ * . e of 
moiſture. 

The braſs cylinders were ina by the fol. 
lowing contrivances, fee plate III. figure 2, 
AB repreſents a quadrangular tinned veſſel, 
that has the two ſmaller veſſels C D, E F, fix- 
ed to its bottom by means of dovetails, along 
which they may be made to ſlide, and may 
be ſo adjuſted that their diſtances from each 
other, ſhall be equal to the diſtances of the 
cylindrical veſſels in which the air is contain- 
ed; their fize being ſuch that they ſhall be 
nearly accurately filled by thoſe veſſels, when 
the latter are introduced into them. It is, 
therefore, manifeſt that warm water contained 
in the large veſſel AB, and coming into con- 
tact with the external ſurfaces of the ſmaller 
veſſels CD, E F, will. neceffarily communi- 
cate a part of its heat to thoſe veſſels, and to 
the cylinders which are placed in them. It 
the cylinders had been heated by being im- 
mediately immerſed in warm water, a quan- 
tity of moiſture would have adhered to their 

ſides, 
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ſides, which would have produced an in- 
accuracy in the experiment. 

In conſtructing the above deſeribed appa- 
ratus, which was made by Meſſrs. Nairne 
and Blunt, great care was taken that the 
braſs cylinders ſhould be preciſely equal in 
weight, dimenſions, and capacity. Their 
weight is 7 ounces, 3 drams, 38 grains troy 
each; the length is 8 inches and 7; the 
breadth 2 inches 2. near to their upper ex- 
tremity, and 2 inches 5 near to the bottom. 
They are each of them capable of containing 
twenty ounces Troy of water, and conſequent- 
ly the ſolid content is 37.91 cubic inches. The 
tinned veſſels are alſo equal to each other in 
weight and dimenſions. They are covered with 


thick flannel for the purpoſe of confining, as 


much as poſſible, the heat imparted to the 


water by the cylinders. 


The bulbs of the thermometers were not 
more than s of an inch in diameter, in 


conſequence of which they were very ſenſible; 


and their bores were ſo minute as to admit 
of a large ſcale, each degree of Farhenheit 
being divided into ten equal parts, diſtinctly 
viſible to the naked eye. It was found a very 
difficult undertaking to graduate four ther- 

mometers 
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mometers of ſo ſmall a ſize, with ſuch preci- 
ſion, as accurately to correſpond with each 
other. Aſter many attempts, in the courſe 
of ſeveral months, it was at length accom- 


pliſhed. They were ſo exactly adjuſted, as not 
to differ from each other more than the r of 


a degree in any part of the ſcale, excepting 
in a ſmall portion of it near to the beginning, 
where the variation was + of a degree. 
That the difference might be {till farther di- 
miniſhed, a ſcale of the errors was formed, 
by immerſing the thermometers in a veſſel 
containing a large quantity of warm water, 
and by accurately examining the contractions 
in each thermometer, which carreſpanded to 
the diminutions of heat in the water. 

I fhall now proceed briefly to relate the 
experiments which were made with this ap- 
paratus. The following was tried with a 
view to examine the accuracy of the inſtru- 
ment. | 


EXPERIMENT.1. 


The cylinders having been previouſly made 
perfectly dry, and having been exhauſt- 
ed by means of an air-pump, equal quanti- 
ties of atmoſpherical air were introduced into 

them. 
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them. They were placed in the water bath 
formerly deſcribed, and were expoſed to the 
action of boiling water for ten minutes. 
Into each of the tinned veſſels G H, I K, 
ſee fig. plate II. was introduced 20 ounces 
Troy of water, having very nearly the ſame 
temperature with the air in the room. The 
water bath and cylinders being now removed 
from the fire, were placed upon a ſtand be- 


low the table, on which the upright bar and 


tinned veſſels were fixed. The cylinders were 
then inſtantly raiſed from the bath, and were 
introduced, by means of the ſocket and up- 
right bar, into the centre of the water in the 
tinned veſſels, where they were kept faſt by a 


ſcrew applied to the bar. Having been ſuf- 


fered to remain in this fituation for five mi- 
nutes, they were removed; the water in the 
veſſels during a few ſeconds was equally agi- 
tated; after which the temperatures being 
examined by the central thermometers, with 
the help of a magnifier, were found to cor- 
reſpond within leſs than the + of a degree. 
This experiment was ſeyeral times repeated 


with a ſimilar reſult, the cylinders being ſuf- 


fered to remain immerſed in the water, dur- 
ing the ſpace of eight, twelve, and ſixteen 
minutes 
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minutes ſucceſſively. The cylinders were 


heated in a room adjoining to that in which 
the tinned veſſels containing the water were 
placed: becauſe a fire in the latter, by diſ- 
turbing the equality of its temperature, would 
have rendered the experiment liable to in- 
accuracy. 


The tinned veſſel and braſs cylinder, placed 


towards the right hand during the examina- 


tion of the thermometers, may be diſtinguiſn- 


ed by the letter R; thoſe towards the left by L. 


EXPERIMENT II. 


The cylinder L was filled in the manner 
deſeribed above with dephlogiſticated air, the 
purity of which, when it was examined, at 
the concluſion of the experiment, was ſuch 


that one meaſure of it, mixed with two of 
nitrous air, occupied the "oo of one 


meaſure. 


Freſh 1 air was introduced 1 in- 


to the cylinder Ax : 
Twenty ounces e of water was contain- 
ed in each of the tinned veſſels. 
The air in the room was 58. 1. 
The water in the veſſels being agitated for 
a few ſeconds, the temperature in R was 
found to be 57.8; that in L, 57.8. 


The 


% 
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The cylinders having been previouſly ex- 
poſed, in the water bath, to the action of 
boiling . water, for 10 minutes, were ſud- 
denly introduced, as in the former experi- 
ments, into the tinned veſſels. They were 
kept in this poſition for 14 minutes, during 
which time the temperatures, examined by 
the central thermometers, were as follows : 


0 | MW 
1 min. 58.8 alittle more 59.1 
23 ů TU 
325 — _ $59.4 a little leſs 
4 - =. | 
s 389.3 — 59.5 a little leſs 
6 — Fo. 5 very nearly 
71 —̃ 8 
lo — 59.4 — 59.6 a little leſs 
14 59.5 — 59.7 a little leſs 


The cylinders being then removed, and 
the water agitated for a ſhort time, the gene- 
ral temperature in the veſſel R was a little 
leſs than 60; that in L 60.2. 

The air in the room was 60.25, very 
nearly. 

This experiment was repeated with the 


following reſult. - 
E x. 
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3 792 


: 27 us 


ENI NINE NT mw.” 
1 13 Air in the room — 38.6 
= Water 1 in each of the 1 


tinned veſſels — 
Dephlogiſticated air, having the ſame de- 


gree of purity with that uſed in the pr eceding 


experiment, was introduced into the cylinder 
L, and atmoſpherical air into K. 
The cylinders were then heated, and im- 
merſed in the tinned veſſels, in the manner 
deſcribed above; and the temperatures being 
accurately examined by the central and ſuper- 
ficial thermometers, were as follows. 


509.5 5 10 nearly. 


Min. Centre.  _ Surface. Centre. Surface, 
p p #. 063.1 
52.9 61.3 u. 63.1 
4 61.2 m. 62.8 þ. 61.4 m. 63.1 
5 61.2 P. 62.8 p. 61.4 u. 63 p. 
6% p. 16218 p. 614. 63 P. 
. 62 53, 3 p. 
a. 52.8 n A FP: 
01 01-2 P. 02.7 . 01.4 FP.. 02.9 
652.7 Þ. 01:4. 02:9 
rt. p. 62.7 61.4 P 62:9 
. 62.7 61.4 p. 62.9 
N. B. The letter p, placed after ſome of the figures, 
ſignifies, à little more, and the letter , a little eſs. 


ITheſe letters were added when the exceſs or defect did not 
amount to more than the 28 of a degree, 
5 The 


ere <a 


— 


hay — 
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The cylinders being removed, and the 
water a little agitated, the general tempera- 


ture in R was — 61.5 P. 
In L — — | 61 7 P. 
8 The air in the room was a little 
» leſs than — 61. 
8 The reader will perceive that, in the courſe 
r of theſe experiments, the temperature of the 


air in the room was ſo much increaſed, as to 
be nearly equal, at the end of 12 or 14 mi- 
nutes, to the temperature of the water ny the 
tinned veſſels. _ 
- This was effected by the heat of the per- 
ſons who were preſent, and by candles that 
were brought into the room at the begin- 
ning of the experiment. 

If the temperature of the air in the room 
were not increaſed nearly in proportion to 
that of the water, the difference between the 
heats imparted by the dephlogiſticated and 
atmoſpherical air, would gradually diminiſh 
in the courſe of the experiment, and would 
at length entirely vaniſh. For though the 
tinned veſſels were enveloped with coverings 

that were flow conductors of heat, yet when 

i the air in the room had a lower temperature 
: than the water in which the cylinders were 
immerſed, the eſcape of the heat could not 


= 2, 0 bg 
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be entirely prevented - becauſe we do not 


| know any ſubſtance in nature which is al- 
together impervious to that principle: and 


hence it is manifeſt that if the portions of 
water, to which the airs in the cylinders im- 
parted their heat, were placed in a cooling 
medium, the fluid in the veſſel, which had 
the higheſt temperature, would moſt ſpeedily 
give off its heat to the ſurrounding bodies. 


The exceſs of the heat communicated by the 


pure air, above that communicated by the 


atmoſpherical, would therefore gradually di- 


miniſh, and would at length vaniſh, 
It is evident that, in the foregoing experi- 


ments, moſt of the cauſes of error former! j 


enumerated, were avoided. 

The effects of moiſture were obviated by 
making the cylindrical veſſels perfectly dry, 
and introducing the airs into them at a low 
temperature; as the two kinds of air were 
expoſed for the ſame length of time to the 
action of boiling water, they muſt neceſſarily 


have acquired the ſame degree of heat; being 


raifed from the bath, and introduced into the 


water at the ſame moment, they muſt have 


been immerſed with equal velocities; the 


Portions of water in the tinned veſſels, previ- 
ouſly to the immerſion, had nearly the ſame 


temperature 


& 
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temperature with the air in the room; : di 
the heats imparted to them were indicated by 
accurate thermometers, which were very ſen-- 
ible, and had a large ſcale. After the eylin- 
ders were immerſed; the temperature of the 
air in the room was gradually augmented, 
in ſuch a manner, as to be nearly equal to 
the temperature of the water at the end of 
the experiment ; and hence the errors which, 
might proceed from an inequality in the re- 
frigeration of the water, were in a great mea- 
ſure avoided. The fallacy ariſing from the 
heats imparted by the veſſels, in which the 
airs were contained, was alſo ubviated by this 
apparatus. For as the cylinders were per- 
fectly equal in temperature, weight, and 
capacity, the portions of heat communicated 
by them to the water, muſt have been equal, 
and muſt therefore have balanced each other. 
Whence it is evident that the difference 
obſerved, in the above experiments; muſt be 
attributed ſolely to the difference between the 
heats imparted by the renne and 
atmoſpherical air. | 
The following experiment proves, that if 
atmoſpherical air be contained in-both cylin- 


ders, and if, at the beginning of the experi- 


ment, the water in one of the tinned veſſels 
| O 2 8 have 
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have a higher temperature than that in the 
other by vd of a degree, this difference will 
exiſt during the ſpace of 12 minutes, and 
will appear at laſt in the water after the ein- 
ders are ' removed. 


EXPERIMENT IV. 


Atmoſpherical air was introduced into both 

finders. | 

The air in the room was 59.5, 

The water in the veſſel K — 604, 

" thatin L | - „F 

The cylinders, heated as before, were ſud- 
denly immerſed in the water, and the tem- 
peratures at the centre and ſurface were exa- 
mined during the ſpace of 12 minutes. 


651 e N R . 

Min. Centre. Centre. Surface. | Surface. 

In 1 61.6 p. 61.7 63.9 m. 63.9 

2 61.9 m. 62 63.9 m. 63.9 

: 01.9 02 %. 93.9 

4 61.9 62.1 mM. 63.9 m. 63.9 

5 61.9 62.1 m. 63.8 p. 63.9 

6 61.9 62.1 m. 63.8 63.9 

52. , $5. 039 
9 0621 Mz p. 63.9 n. 
584. o. 


10 61.9 62.1 b. 63.6 p. 63.8 p. 
11 61.9 P. 62.1 Pp. 63.6 p. 63.8 p. 
12 61.9 p. . 3 63.8. 
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he The cylinders being removed, and the wa- 
ill ter agijated, the general temperature. in R 
nd was * 2 62.3, 

n- that in L was — | 62.5. | 
At the concluſion of the experiment, the 
temperature of the air in the room was near- 
y a degree lower than that of the water in 

th the tinned veſſels. 


The reader will perceive that, in the ſecond b4 


experiment, the temperature of the water, 

before the cylinders were immerſed in it, was 

a little leſs than that of the air in the room; 
J. in the third its temperature was a little 
1 greater; and in the fourth the water had not 
4 
of the experiment, than the ſurrounding air; 
but the heat of the latter, at the concluſion, 


was nearly a degree below that of the former. 


ders, than in the third, and in the r 


more than in the fourth. 

It is, however, manifeſt that the qumitity 
of heat communicated muſt in ſome meaſure 
depend upon the velocity with which the 


a difficult 


only a higher temperature, at the beginning 5 


Theſe ſeem to have been the principal rea- 
ſons, why, in the ſecond experiment, more 
heat was imparted to the water by the cylin- 


cylinders are immerſed in the water, and it is 
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difficult, in different experiments, to immerſe 
| them with velocities that are preciſely equal. 


In making theſe experiments, it is neceſ- 


 fary that the cylinders, when they are raiſed 
from the water bath, ſhould be moved as 
ſpecdily through the air as poſſible; and at 


the ſame time, as ſoon as they have approach- 
ed to the water, in the tinned veſſels, they 
ſhould be mtroduced with a moderate degree 
of velocity; for if the velocity with which 
they are introduced be very great, the im- 


pulſe given to the water will be ſuch as to 


force a part of it from the veſſels, and the 
warmer and colder particles at the ſurface 
and centre being intermixed, will produce an 
irregularity in the heats indicated by the 
thermometers. 

It appears from the above experiments 
that when dephlogiſticated air was contained 
in the cylinder L, and atmoſpherical air in 


R, the former communicated a greater quan- 


tity of heat to an equal bulk of water than 
the latter, by * of a degree; and that the 
purity of the dephlogiſticated air, which pro- 
duced this effect, was ſuch that one meaſure 
of it, mixed with two of nitrous air, occupied 
the {pace of one meaſure. | 

2 As 


* % N 
„„ ow K % et A tu tag 


As theſe experiments are of a very delicate 
nature, in order ſtil} farther to guard againft 


x fallacy, they were reverſed by introducing 
ſed dephlogiſticated air, nearly of the ſame purity 
as with the above, into the cylinder R, and 
at atmoſpherical air into L. It was then found, 
ch- all other circumſtances being the ſame as in 
Ky the former experiments, that the pure air in 
ree the cylinder R imparted more heat to thie 
ich water, than the e te air in L, * 
m- ko of a degree. | 

to I varied this experiment, by nid 
he hot oil inſtead of boiling water into the veſ- 
Ice ſel uſed for heating the cylinders ; and hav- 
an ing thus raiſed the cylinders, one of which 
he | contained pure, and the other common air, 

| to 300, I ſuddenly immerſed them in equal 
ts, WW portions of water, that had nearly the tem- 
ed | perature of the air in the room; and the 
i WW thermometers bein g accurately examined by 
my friend, Dr. Percival, during ſeveral mi- 
in nutes, the difference of the heats, imparted by 
de the 2 and common air, was found to be 
ok nearly of a degree. 

1 The tinned veſſels, in which this water. was 


contained, were larger than thoſe uſed in the 
preceding experiments, the quantity of water 
US in 
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in each being / 32 Ounces, 6 drams, and 28 
grains Avoirdupoiſe. Though this experi- 


ment was made with great care, yet it was 
ſuppoſed that the reſult was not altogether 


accurate, becauſe, upon immerſing the cylin- 
ders in the water, a hiſſing noiſe was heard, 
and a ſmall quantity of vapour was obſerved 
to aſcend from each veſſel. It does not how- 


ever appear, that the inaccuracy produced by 


the aſcent of the vapour in this inſtance was 
conſiderable; for if a juſt allowance be made 
for the heat which eſcaped from the cylinders, 
during their paſſage through the air, when 
they were raiſed from the bath, for the pur- 
poſe of introducing them into the tinned veſ- 
ſels, the ratio of the heats of pure and of 
common air, as determined by this experi- 
ment, will appear to be very nearly the ſame 


with that determined by thoſe which were 


formerly recited. 

Though the rel alts of the foregoing experi- 
ments appear to be deciſive, yet in order to 
aſcertain the comparative heats of the aerial 
fluids with greater preciſion, it was thought 
proper, in the experiments which I ſhall now 


relate, to ſubſtitute oil as a ſtandard inſtead 


of 


EF . 
y N 
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of water; the former having a leſs capacity for 
heat, and conſequently having its temperature 


as more augmented by the addition of a given 
ler quantity of that principle, than the latter. 
N- It is proper to obſerve, that when experi- 
d, ments, ſimilar to thoſe recited above, are 
ed made with oil, the variations of heat pro- 
Ws duced by the immerſion of the cylinders, con- 
dy tinue for a much greater length of time, than 
as when they are made with water. The reader 
de will perceive that theſe variations could not | 
'S, beexactly aſcertained, by placing the thermo- 
n meters in the middle point between the braſs 
2 cylinders, and the interior ſurfaces of the tin- 
ſ- ned veſſels; for, in that caſe, thoſe inſtru- 
of ments would not indicate equal changes of 
i- MW heat, unleſs they poſſeſſed equal ſenſibilities ; 
e but four thermometers equally ſenſible can 
e WM ſcarcely be obtained; for, in order that they 
ſhould poſſeſs this quality, it is neceſſary that 
- the quantities of mercury which they con- 
0 tain, and the thickneſs of their bulbs, ſhould | 
l WW be preciſely equal. 
t Now it is manifeſt that 1 
* unequally influenced by heat, cannot deter- 
d mine variable differences with preciſion, un- 
7 malt ts ons des "oP 


leſs 
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leſs they be adjuſted at diſtances from the 
heating bodies, proportional to their ſenſibili- 


ties. This adjuſtment was accompliſhed by 


repeatedly introducing the heated cylinders, 
containing equal quantities of atmoſpherical 
air, into the cold oil, and varying the dif- 
tances of the thermometers, until the heats 
indicated by them were equal. After many 
trials made with the moſt ſolicitous atten- 
tion, in which I was aſſiſted by my friend, 

Dr. Hamilton, on whoſe accuracy I could 

place the greateſt reliance, the central ther- 
mometers were at length adjuſted with ſuch 
exactneſs, that the heats indicated by them 
did not vary from each other more than the 
tenth of a degree, which will appear from 
the following experiment. 


EXPERIMENT VI. 


Air in the room 561. 

One pound, four ounces and; of an 
ounce Avoirdupoiſe of ſpermaceti on, was in- 
troduced into each of the tinned veſſels, the 
depth of the oil being a little more than half 
the height of the veſſel, in conſequence of 

= which 


22S 0» = 8 
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which the central thermometers reached to a 
ſmall diſtance below the ſurface of the oil, 
and were therefore compleatly immerſed in it. 
The temperature of the oil was a few de- 
orees lower than that of the air in the room, 
in order that when it was heated by the cylin- 
ders, its mean heat might be nearly equal with 
that of the ſurrounding air. The portions 
of oil in the tinned veſſels were equally agi- 
tated by ſmall glaſs tubes, that the heat 
might be equally diffuſed over them ; the 


agitation being continued for a few minutes 
until the thermometers became ſtationary. 


This was repeated ſeveral times, and the tem- 
peratures being obſerved, immediately before 


the cylinders were immerſed, that in R was 


found to be 53.5; L 53.5. 
The cylinders containing atmoſpherical 
air were heated in an adjoining room, by 


means of the water bath formerly deſcribed, 


which was kept at the boiling point for 10 
minutes. The bath and cylinders being then 


removed into the room, in which the tinned 
veſſels were placed, and the cylinders being 


ſpeedily immerſed in the oil, the tempera- 


tures, during the ſpace of five minutes, were 


as follows: | 
Centre. 


THE Inn: RR 


Ls Fs 
: ie 


_ 


_— 


* 2 


— 


9 ä 
— * — — "od 


— 


s 6 I =P 1 
«08: — 5 1 
1 * 7 — 
2 1 2 
* 9 * ms 
m_—_ WT 


— 


— — ——üä K T—[—[—[—E . ů —— 
. 


204 ExPERIMENTS AND OBSERVATIONS © 


| Centre. Zurface. 
| 7 . 
x Min. 53.6 336 bas 60 
n 61.3 ö 
3 54-8 ein . n 
n in bi. : 
5 55-8 m. 55.7 61.1 p. 61.3. 6 
The air in the room at the end of the ex- 5 
periment was 60. As the two thermometers | 
in each of the tin veſfels were placed on the | 


fame ivory plate, having a double ſcale, the 
reader will perceive that when thoſe at the 
centre were adjuſted in ſuch a manner as to 
indicate nearly equal heats, the ſurperficial 
dnes could not be fo adjuſted, unleſs the lat- 
ter had poſſeſſed preciſely the fame degree of 
ſenſibility with the former; but as their ſen- 
fibilities were different, the heats indicated at 
the ſurface, during the firſt two minutes, were 
very unequal; after which they approached 
to each other within the .2.of a degree. 

I then made the following experiment, 
with the aſſiſtance of Dr. Hamilton, in the 
preſence of my-learned friend, Mr. Kirwan, 
and of the late much lamented Doctors Wat- 
kinſon and Kerr. | | 
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 _ExXPERIMENT VII. 


The air in the room being 54, and the oil 
in R 51.3 plus; that in L 51.3; dephlo- 


gifticated air being introduced into R, and 


alr phlogiſticated by iron filings and brim- 


ſtone into L; and the cylinders being heated 


as before, and immerſed in the oil ; the tem- 

peratures obſerved by Dr. Hamilton, during 

ſeven minutes, were as follows: 

11 Centre. Surface. 

. i 

31 

32 nearly 53.4 53.1 59.5 59-7 
55 544 54 59.5 59.5 
8 on” 59.5 59-5 
7 55˙1 54-7 plus 59.4 39.4 
The purity of the dephlogiſticated air was 


examined at the concluſion of this experi- 


ment, a part of it being drawn from the 


cylinder by means of an exhauſted glaſs veſ- 


ſel, when it was found that one meaſure of 


it, mixed with two of nitrous air, occupied 


the ſpace of a little more than one meaſure. 
The phlogiſticated air, in the courſe of the 
experiment, was nearly * into atmoſ- 
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This exper iment was ropeated with the 
— reſult. 


EXPERIMENT VIII. 


Air in the room 54˙5. 

Dephlogiſticated air, nearly as pure as that 
uſed in the foregoing experiment, was in- 
troduced into the cylinder 1 R, and common 
air into L. 

The temperature of the oil in the 958 R 
was 51.3; that in L 51. 1. 

The cylinders being heated and immerſed 
in the oil, the temperatures, indicated by the 
central and ſuperficial thermometers, were, 

R V'f;pß on 
Minutes. Centre. Centre. Surface. Surface. 
351.8 51.7. s 

3 52.6 52.3 Pp. : 
383. 58.8 658.9. 
5 54. 53.5 58.8 838.8 
6 54.3 53-8 58.7 P. 58.7 P. 
7 54.5 54.2 58.7 38.7 

In Experiment VI. the heat indicated by 
the central thermometer in the veſſel R, at 
the end of five minutes, exceeded that i in the 
veſſel L by *, of a degree. 

In 
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In ExperimentsV IIth and VIIIth the exceſs 
was a little leſs than , of a degree, allow- 
ance being made for the difference of tempera- 
ture indicated by the thermometers, in the 
veſſels R and L, before the cylinders were 
immerſed in them. | 

Theſe experiments were frequently repeat- 
ed with great care, and it was uniformly 
found, that when dephlogiſticated air, which 
had the purity of 1, as indicated by Dr. 
Prieſtley's Teſt, was introduced into R, and 


atmoſpherical air into L, the heat imparted 


by the former to the oil, at the end of four 
minutes, was + of a degree greater than 
that by the latter; the variation in the reſults 
of different trials being not more than the 
i; of a degree. 

I next reverſed the experiments, with pure 
and phlogiſticated air, in the preſence of 
Mr. De Luc, pure air being introduced into 
the cylinder L, and phlogiſticated air into 
R. But in order that the reſults might be 
more deciſive, the accuracy of the apparatus 
was firſt tried, by making the experiment 


with atmoſpherical air, in both cylinders, 


when it was found that the heats communi- 
cated to the central thermometers, did not 
vary 
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vary from each other more than the 4 of a 
This will appear from the following ex- 

periment, in which the variations of tem- 


perature were obſerved by Mr. De Luc, dur- 


ng the ſpace of ten minutes. 


ExPERIMENT IX. 


Air in the room — 84 
The oil in the tinned veſſel K 52.1 
That in L — — 52.3 


The cylinders, containing atmoſpherical 


air, being heated as 2 and immerſed in 
the oil, 


Minutes. Centre. Centre. 
in 2 R was 53.3 L. 33.5 
4 545 P. 54.7 
5 54.9 P. A 
6 r 5.2 P. 
8 $5:4 ÞÞ 55:6 P. 
9 $5+5 P. S837 


In this experiment, therefore, the dif- 
ference of the heats communicated to the 
central thermometers did not exceed the 7 
of a degree; allowance being made for the 
exceſs of temperature in the veſſel L, previ- 


4 oully 


4 
c 


ca 


ron NMIHA2 _— dee: oy 


4 ouſly to the iminerfion of the cylinders; and 
during the greater part of the time che Heats 
q can were nen qual.” NR 
' "Fare! 
. ee men SY N 
EXPERIMENT X. 
Air in the room N 58 
The oil in the veſſel K — 56.9 
in JL — ih 


Dephlogiſticated air being introduced into 
the cylinder L, and phlogiſticated air into R; 
and the cylinders being heated and immerſed 


1 in the oil, the temperatures, as obſerved by 
n Mr. De Luc, during 10 minutes, were as 
follows: 
Minute. Centre. Centre. 
I R * 5. LF 
2 57.7 57.9 P. 
3 58.3 P. 58.6 
4 Le 59-2 
5 39-3 5945 
| 6 — 59-9 
: 3 59.9 P- 00.1 P. 
| 9 60.1 60.3 
i 10 60.3 60.4 P. 
* 


It is proper to obſerve, that the heats indi- 


cated by the thermometers at the ſurface in 
T0 this 
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this experiment, were nearly equal ; and the 
fame thing happened in Experiment VII. 
That it might be known, whether the airs 
ſuffered any change by expoſure to heat in 
the eylinders, their purity was examined pre- 
viouſly to the experiment, in the preſence of 
Mr. De Luc, when it appeared that one 
meaſure of the dephlogiſticated air, mixed 
with two of nitrous air, occupied the ſpace 
of I of a meaſure; and two meaſures of the 
phlogiſticated air, mixed with one of nitrous 
air, occupied the fpace of 2.6. Being again 
examined, at the concluſion of the experi- 
ment, in the prefence of the ſame philoſopher, 
the purity of the dephlogiſticated air was 
found to be ſo much diminiſhed, that one 
meaſure of it, mixed with two of nitrous air, 
occupied the ſpace of; of a meaſure; and 
the phlogiſticatedair was nearly changed into 
atmoſpherical, two meaſures of it, with one 
of nitrous air, occupying the ſpace of 2.15. 
It appeared from ſubſequent trials, that 
the ſtop cocks, which were ſcrewed to the 
ends of the cylinders, when expoſed to heat, 
were not altogether air tight: for though 
they were made with ſuch accuracy, that the 
cylinders, when cold, could be very nearly 
2 exhauſted, 


— * 


S 
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exhanſtate yet when the latter were placed in 
the water bath, the heat which aſcended along 
the ſtems, was not ſo ſpeedily received by the 


N ſtoppers, as by the cavities to which they 


were adapted; and hence the latter, expand- 
ing more ſpeedily than the former, the ex- 
cluſion of the external air became leſs 


perfect. 
It appears from this experiment, that 


phlogiſticated air has a much greater tendency 


to mix with the air of the atmoſphere than 
pure air. For the difference of alteration, in 
thoſe ſpecies's of air, did not ariſe from a dif- 
ference in the ſtop cocks, becauſe the ſame 
effects were produced when the experiment 
was reverſed. The truth of this obſervation 
was moreover confirmed, by expoſing pure 
and phlogiſticated air to a moderate heat, in 
thin bladders, that had been previouſly well 
rubbed. 

In the above ex periment, the heat 9 
in the centre of the veſſel L, at the end of 


four minutes, was nearly of a degree 


greater than that obſerved in R. After the 
4th minute was expired, the difference began 
to diminiſh, and in the courſe of the fix 
lucceeding | minutes it nearly vaniſhed, the 
F'2 exceſs 
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cicels of heat in 1 at the end of that time, 


being only 28 of a degree. 
It was before obſerved, that, in the above 
experiments, the heats indicated by the ſuper- 


ficial thermometers were nearly equal; the 
temperature of the oil, at the ſurface, being 


liable to be influenced by cauſes which could 
not with certainty be counteracted. The 
chief of theſe ſeemed to be, the tendency of 
the heated particles of oil to aſcend to the ſur- 


face; the facility with which thoſe particles 
communicate their heat to the neighbouring 


bodies; tlie agitation given to the oil by the 
immerſion of the cylinders; the heat imparted 


by the ſtems which connect the cylinders with 


the croſs bars; the influence of the external 
air; and the difficulty of adjuſting the ſuper- 


ficial thermometers with ſach preciſion that 


they ſhould indicate equal heats. But at 
the centre, the exceſs of heat communi- 
cated by the dephlogiſticated air, whe- 
ther it were contained in the veſſel L or R, 
was very nearly invariable, as the experi- 
ment, when repeated with Oy never 
failed to ſucceed within the 4 of a =— 
and when water was uſcd as a ſtandard, i 

ſtead of oil, the exceſs of heat imparted by 
the 
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the pure air appeared not only at the ſurface 
and centre, but was obſerved to exiſt after 
the cylinders were removed, and the ſeveral 
parts of the water were reduced by n 
to a common temperature. : Et 

It is proper to remark, 'that the dim 
of the heats communicated by dephlogiſticated 
air to oil and water, as indicated by the cen- 
tral thermometers in theſe experiments, was 
leſs than might have been expected from the 
difference of the capacities of thoſe ſubſtances, 
For the capacity of water is to that of ſper- 
maceti oil nearly as 2 to 1, from which it 
"might be ſuppoſed, that the heats imparted 


would be as one to two. But they appear, 


in the foregoin g experiments, to have been as 
2 to 3. We have alſo ſeen, that the differ- 
ence of heat at the centre, when the experi- 
ment 1s made in oil, vaniſhes more ſpeedily 
than when it is made in water, Theſe irre- 
gularities ſeem principally to be occaſioned by 
the difference in the conducting powers of 
thoſe ſubſtances with reſpect to — and by 
the greater tendency of the particles of warm 
oil to aſcend, in conſequence of which the 
heat is ſuddenly accumulated at the ſurface, 
and is ſpeedily communicated to the neigh- 

. bouring 
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bouring bodies. Tt is manifeſt, that the cauſes 


which diminiſh the differences of heat at the 


farface, will gradually produce a ſimilar di- 


minution at the centre. 
When the experiment was made by intro- 
ducing the cylinders into the tinned veſſels, 


which contained atmoſpherical air alone, the 


effects produced by the ſudden tranſmiſſion of 
the heat were more evident; for, in that 
caſe, the difference of the heats communi- 
cated by pure and phlogiſticated air could 
not at all be perceived at the ſurface, and at 
the centre it did not appear till after the ex- 
piration of many minutes; and though, at 
length, pure air evidently communicated more 
heat than phlogiſticated air, yet the reſults of 
the different trials were ſo irregular, that no 
preciſe conclufions could be drawn from them. 


The foregoing experiments prove, in gene- 


ral, that pure air communicates more heat 
to an equal bulk of oil or water than atmoſ- 
pherical air. 

I next endeavoured to determine the com- 
parative quantities of heat communicated 


by phlogiſticated, inflammable, and fixed 


Air. 
From 


n 


n Win ON a © 


ds: it bail ® 


A 


From the preceding experiments on pure 


the cylinders are immerſed in oil, more mi- 


nute differences of heat are indicated by the 


central thermometers, than when they are 
immerſed in water: for this reaſon, in the 
experiments which follow, oil was uſed as a 
ſtandard. It is of great importance to the 
ſucceſs of the experiment, when this fluid 


is made the ſtandard, that the heat, previ- 
ouſly to the immerſion of the cylinders, ſhould 
be uniformly diffuſed over the oil, and ſhould 


remain as nearly ſtationary as poſſible. But 
the heat of the oil cannot remain ſtationary, 
if the temperature of the air in the room 


vary; and in rooms which are expoſed to the 


influence of the weather, a permanent tem- 


perature can ſcarcely be obtained. For the 


purpoſe of avoiding this cauſe of inaccuracy, 


the apparatus was placed in a vault below 


the ſurface of the earth, where the alterations 
of temperature were very flow, and the dif- 
fuſion of heat nearly uniform. 

It was before obſerved, that as the ſtop- 
cocks, which were fixed to the ſtems of the 


cylinders, were unequally heated, they did 


not ſufficiently interrupt the communication 
7 4 between 


ron ANIMAL Hear, &c, vs 


and atmoſpherical air, it appears, that when 
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between the external air and that in the cylin- 
ders; in conſequence of which the air was 


found to undergo a conſiderable *change in 


the courſe of the experiment. This difficulty 
was obviated in the following manner: as 
ſoon as the air was introduced into the cylin- 
der, the ſtopꝰ cock was unſcrewed from the 
extremity of the ſtem, and the cavity of the 
latter was accurately cloſed by a cork, after 


which the cock was again fixed to it. In 


conſequence of this, when the apparatus was 


heated, the cork, by its elaſticity, adapted 


itſelf to the increaſed capacity of the ſtem; 
and thus the interruption of the communi- 
cation between the air in the cylinder and the 


external air, being rendered nearly complete, 
the former was found to ſuffer very little 


change from expoſure to heat. 

With theſe precautions I endeavoured to 
determine the capacity of phlogiſticated air, 
the apparatus having been previouſly ſo ad- 
juſted, that when atmoſpherical air was con- 
tained in both cylinders, the heats indicated 
by the central thermometers were very nearly 
equal, as appears from the experiment which 


follows. 
E x- 
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_.. EXPERIMENT. XI. 


Air in the vault — 60.7 
One pound, three ounces and two drams 
of ſpermaceti oil being introduced into each 
of the tinned veſſels, the temperature in the 
veſſel R, was 59.9; that in L, 60 plus. 
The cylinders, containing atmoſpherical 


air, were heated in an adjoining vault by 


means of the water bath, and were ſuddenly 
immerſed in the oil, upon which the central 
heats being accurately marked during the 
ſpace of 10 minutes, 


Minutes. | „ 
In a -% LL - 
3 . . 
4 214 - 61.5 plus. 
[+ 62. minus. 62.1 minus. 
6 62.3 plus. 62.4 plus. 
7 62.6 minus. 62.79 
8 62.8 62.9 
9 62.9 e 
10 63. plus. 63.1 plus. 


Air in the vault 61.7. pe” 
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Ex YR RIM ENT XII. 


Air i in the WR | 2 62.6 
Oil in the tinned veſſel R — 62.1 
In the veſſel L — 62.2 


Air phlogiſticated by hepar ſulphuris was 


Introduced into the cylinder R, and atmol- 
pherical air into L. The cavities of the 


ſtems of the cylinders were accurately cloſed 
by corks in the manner deſcribed above; the 
cylinders were then heated as before, and 


immerſed in the oil; and the central heats 


being obſerved during ſix minutes, 


Minute, 
07 RN was 62,2: 1 by:2 
3 = 02.6 P. 
63.1 p. 63.3 
63.7 P. 63.9 P. 
64.2 P. 64.3 P. 
64.5 64.6 
Air in the vault at the concluſion of the 
experiment 63.3. 
This experiment was repeated with the 
followin g reſylt. 


a > ww 
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EXPERIMENT XIII. 


6 Air in the vault — 63. 
Oil in the veſſel R — 62.3 *. 
7 Inn — — 652.3 12. 
The cylinders, containing phlogiſticateũ 
Was and atmoſpherical air as before, were heated 
of- and immerſed in the oil, and the central heats 
we being obſerved during eight minutes, 
led 1 it L 
the In 1 Minute 04:4 © 62.4 
ind 2 | 62.7 Pp: | 62. 7 p 
_ 3 63-4 63.5 
4 64. P. 64.1 
5 64.5 m, 64.5 
6 64.8 . 0 
7 651 65.1 P. 
8 63.3% [iy 
Two meaſures of the phlogiſticated air, 
uſed in theſe experiments, having been mix- 
ed, previouſly to its introduction into the 
he cylinder, with one of nitrous air, the mea- 
ſures of the teſt were 2.9. After the experi- 
he ments were finiſhed, a part of it was drawn 
from the cylinder, and being again examined 
x- by nitrous air, the meaſures of the teſt were 


found 
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found to be 2.8, very nearly. From which 
it appears, that very little alteration had been 
produced in it by expoſure to heat in thoſe 
experiments. 
An interval of ſeveral days had 4 be- 
tween each of the experiments now recited. 
They were made in the month of July 1783, 
when the heat of the ſun was gradually in- 


creaſing, and at length became very intenſe. 


This accounts for the alteration in the tem- 


perature of the vault. It was found, in the 


courſe of eleven days, to * a change of 
3 degrees. 

From theſe experiments, compared with 
many others of a ſimilar kind, which it is 
unneceſſary to relate, it appears, that the 
difference of the central heats, imparted to 


the oil by eee and Phlogiſticated 


air, was nearly s of a degree. 
Inflammable and fixed air were next exa- 
mined, with great care, by the ſame appara- 


tus. From the reſults of a variety of trials, 


compared with each other, it manifeſtly ap- 
peared, that the central heat communicated to 
the oil, by fixed air, was a little leſs than 
that communicated by atmoſpherical air, the 
difference being not ſo great as rs of a de- 
gree; 


„ ⁵ = . 


2 my — jw A 6e — 80a 


* 


gree; and, on the contrary, when inflamitis: 
ble and atmoſpherical air were compared, the 
central heat iinparted by the former was a 
little greater than that by the latter, .the dif- 
ference being, in this EY alſo, leſs 1 
the r of a degree. 

It may perhaps be doubted, whether fuck 
minute differences may not be liable to mach 
uncertainty. With reſpect to this I would 


_ obſerve, that the r of a degree on the ſcale 


of the thermometers, uſed in my expert- 


ments, is nearly as diſtin& as an intire de- 


gree of the thermometers that are commonly 


made with Farhenheit's ſcale. And as each 
diviſion can be nearly biſſected by the eye, 


the 20 of a degree may be diſtinguiſhed with 
conſiderable preciſion. For this reaſon, I 
have ventured to lay the reſults of the fore- 
going experiments with inflammable, fixed, 
and atmoſpherical air, before the reader. 
From numerous trials, made with the utmoſt 


care, and variouſly diverſified, the above- 


mentioned differences appeared to exilt. 
There is, however, deciſive evidence for be- 
lieving, that the real differences do not ex- 
ceed thoſe which have been determined by 
theſe experiments, becauſe the reſults of the 

ſeveral 
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ſeveral trials correſponded within the 26 of a 


degree. | N 
If, however, we ſhould ſuppoſe, that the 
heats imparted by. equal bulks of theſe three 


ſpecies of air were perfectly equal, it would 


not affect the doctrine contained 1 in the fol- 
lowing pages. | 
In the experiments recited above I have 


endeavoured to determine the differences of 
the heats imparted to water by fixed, phlo- 


giſticated, inflammable, atmoſpherical and 


dephlogiſticated air. That the entire heats 
communicated by theſe fluids might be 
known, 1t was neceſlary to diſcover the quan- 


tity which was yielded by the cylinders em- 
ployed for the purpoſe of immerſing them in 
the water. This was determined by the ex- 
periments which follow. 


EXPERIMENT XIV. 


Air in the room — 60. 5 
Water in the tinned veſſel R 60. m. 
__ ðͤ 60. m. 


The braſs cylinders, containing atmoſphe- 


rical air, being heated as before, and im- 
merſcd 1 in the tinned veſlels, were ſuffered to 


remain 


— 415 


a Bk of Wk. 4 
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remain during the ſpace of eight minutes; 


after which, being removed, and the water 
in both veſſels being equally agitated, the 
temperature in R was found to be 62.23 
that in L 62.2 . 

It appears, therefore, that when mag. 


pherical air was in both cylinders, the heats 


imparted were nearly equal, the difference 
being not greater than the e of a degree. 

The quantity of water contained in each 
of the veſſels was 20 ounces Troy. 


In order to diſcover the quantity of heat, | 


communicated by the air in this experiment, 
the water was ſuffered to enter into one of the 
cylinders in the following manner: the bot- 


tom of the cylinder R being opened, the 


ſpherical plate which cloſed it was introduced 
laterally, in ſuch a manner, that the ſemi- 
circle, dividing its ſurface into two equal 
parts, ſhould come into contact with the 
half of the circular extremity of the cylinder, 
to which it was faſtened by folder. Hence 
the remaining half of the bottom being open, 
the water, when the cylinder was immerſed 
in it, was ſuffered to enter freely, and the 
air at the ſame time was permitted to eſcape 
by the cock which was faſtened to the upper 
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_ extremity of the ſtem. In order that the 


cylinder, when its bottom was opened, might 
be compleatly ſurrounded by the water in the 


tinned veſſel, it was neceſlary that the quan- 


tity of this fluid ſhould be twice as. great as 
that which was required to cover it when the 
bottom was cloſed, the water in the former 
caſe being permitted to enter into the cylin- 


der, and in the latter being excluded. For 


this reaſon, in the following experiment, 40 
ounces Troy of water were introduced into 
the tinned veſſel R, and 20 ounces into L. 


ExPERIMENT XV. 


Air in the room — 62. 
The temperature of the wa- 
ter in the veſſel R, was 61.7 plus. 

That in L — 61.8 

The cylinders L and R, the latter being 
open above and below, and the former con- 
taining atmoſpherical air, were heated as in 
the foregoing experiment, and immerſed in 
the' water, where they were ſuffered to re- 
main for eight minutes ; being then removed, 
and the water in both veſſels being equally 

| agitated, 
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agitated; the general temperature in R was 
found to be 62.7 p; that in L 64. - © 

In this experiment the heat imparted by 
the cylinder R was' one degree; that by L 
2. 2, the quantity of water in the veſſel R be⸗ 
ing 40 ounces, and that in L 20. If the 
quantity of water in the veſſel R had been 
only 20 ounces, the heat communicated by 
the cylinder alone would have been nearly 
two degrees; and the heat imparted to the 
water in the veſſel L, by the cylinder filled 
| with atmoſpherical air being 2.2, the differs 
ence gives nearly x: r Of a n for the heat 
yielded by the air “. 
In the above experiment the utmoſt atten= 
tion was given to avoid the cauſes of fallacy, 
by which I had been deceived in the experi- 
ments on the capacities of the aerial Aude, 
recited in my former publication. Ty 

It muſt be obſerved, that thoſe experiments 
were made under very unfavourable circum» 
ſtances. They were my firſt attempts to- 
wards the diſcovery of truth in an obſcure 
and intricate part of ſcience, where the ſources 


3 reader will ſee the heat 1 by atmoſpheri- 
cal air more accurately ated i in page 234 


> of 
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of error were numerous, and the means of 
avoiding them had not been aſcertained, 
Differences, which aroſe from the condenſa- 
tion of greater or leſs quantities of moiſture 
in the bladders that were employed in my 
experiments, I attributed to the different 
powers of the aerial fluids for communicating 
heat. My firſt experiment with atmoſpheri- 
cal air was made with a freſh: bladder, which 
is more diſpoſed to attract moiſture, and is 
dried with greater difficulty, than thoſe which 


have been previouſly. freed from their im- 


purities by waſhing. This experiment was 


again repeated, after a conſiderable interval of 


time had elapſed, and the ſame bladder which 
Had been accxdentally purified from its falts 
and mucilage, by being kept for a conſider- 
able time under water, in the previous ex- 
periments, was again dried, and was uſed for 
the purpoſe of determining the heat impart- 
ed by fixed air. The thermometers which I 
employed were not ſufficiently ſenſible, nor 
were their ſcales of ſuch a ſize as to indicate 
minute variations of heat; and the immerſion 
of the bladder and thermometer in the water 
being regulated * the hand, their relative 
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quired, 


The heat imparted by the bladder was exa- 


mined by rolling it with packthread, raiſing 
it to the deſired temperature, and immerſing 
it in water a little below the heat of the air 
in the room. I was not then aware, that, 
in theſe circumſtances, a ſmall portion of the 
ſurface of the bladder being in contact with 
the water, it communicates its heat more 
lowly. than when it is diſtended with air. 
The dephlogiſticated air employed i in the 
experiment, recited in my former publica- 
tion, was obtained from red lead moiſtened 
with yellow ſpirit of nitre, which was ex- 
poſed to heat in a Florentine flaſk, having a 


flaccid bladder, that was previouſly freed from 


air, tied to its neck. As it was my firſt at- 
tempt to procure dephlogiſticated air, I had 
not obſerved that, in theſe circumſtances, 
this fluid muſt be mixed with a conſiderable 
quantity of aqueous and nitrous vapour. T, 
therefore, did not deem it neceſſary, previ- 
ouſly to the experiment, to paſs the air 
through water, and transfer it into a dif- 


Q 2 ferent 


poſitions could not be adjuſted with the AC" 
curacy which ſuch delicate PEE res 
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ferent bladder; in conſequence of which; 
when I attempted to determine its abſolute 
> heat, I was led into an error of nearly two 
degrees and a half. | 
- Having determined the entire quantity of 
heat, yielded by atmoſpherical air, I next 
endeavoured to diſcover the heat which was 
loſt by the cylinders, when they were raiſed 


from the bath, for the purpoſe of immerſing al 
them in the water. It was formerly obſerved, pe 
that in making the experiments recited above, ba 
the water bath, with the cylinders contained 
in it, was placed near to the bottom of the or 
table on which the upright bar and tinned w. 
veſſels were fixed; and that the cylinders, bc 
being raiſed from the bath, were directed into ve 
the veſſel by means of the bar and ſocket. th 
During this operation they were made un- ſt: 
avoidably to paſs through a portion of cold be 
air, and from the ſlightneſs of the cylinders, re 
and the facility with which they tranſmitted it 
heat, it is manifeſt, that the quantity im- W. 
parted to the air muſt have been conſiderable. pe 


The heat which was thus loſt was eſtimated 
by the experiment which follows: 


E x- 


* 
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EXPERIMENT AVE. 


| Ain] in the room — . 63.2 
Twenty ounces Troy of water 
was introduced into the tin- 

ned veſſel L at — 561.9 5. 


The cylinder L, containing atmoſpherical, 
air, was expoſed, as in former ſimilar ex- 
periments, to a boiling heat in the water 
bath for 10 minutes. ' 
Ihe hath and cylinders were then placed 

on the ſame table with the tinned veſſel L, in 
which the cold water was contained, a deal 
board being interpoſed between them to pre- 
vent the paſſage of the heat from the bath to 
the veſſel, upon which the cylinder was in- 
ſtantly introduced into the veſſel, and the 
bath removed : the cylinder being ſuffered tq 
remain in this fituation during ſix minutes, 
it was then raiſed from the veſſel; the water 
was ſlightly agitated, and the general tem- 
perature at the end of 


7 minutes was TEE 64.5-m, 
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The air in the room at the 
concluſion of the experi- 
ment was — "$3 
Hence the heat communicated to the wa- 
ter was 2.5 degrees. oe” 
In this experiment the cylinder, previouſly 


to its immerſion in the water, came into 
contact with a very ſmall quantity of cold 


air, and was made to paſs through it with as 
much velocity as poſſible. Though theſe 
precautions were uſed to diminiſh the eſcape 


of heat from the cylinder, during its paſſage 
through the air, yet it was impoſſible entirely 
to prevent it. If we ſuppoſe that in the laſt 


experiment a quantity of heat eſcaped, which 
would have raiſed the water +* of a degree, 
we ſhall have 2.6 degrees for the whole of the 
heat communicated by the cylinder, and the 
air which 1t contained. 1 

In Experiments XIV. and XV. the heat 
communicated to the water by the cylinder 


L, was only 2. 2 degrees. In thoſe experi- 


ments, therefore, the cylinder muſt have loſt 


nearly + of its heat during its paſſage through 
the air. 


In Experiment XV. the cylinder R, hav- 
ing remained in the water bath for 10 mi— 
nates, 


- 
# « 
* 
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nutes, was raiſed to the temperature of 200, 


as appeared from the thermometer introduced 


into its centre. 
The heat of the water in the a veſſel, 


previouſly to the immerſion of the cylinder, 
was 61.7. Hence the difference between the 
temperature of. the water and cylinder was 


138.3; of this quantity nearly 4 was carried 


off by the external air. The remainder, -or 


115, plus 61.7, gives the true temperature 


of the cylinder previouſly to its immerſion in 


the water. The temperature of the water, 


at the end of eight minutes, when the cylin- 
der was removed from it, was 62.7 nearly. 
The cylinder was therefore cooled by the 
water 114 degrees, and the water heated by 
the cylinder one degree. 

The weight of the water in the tinned ve. 
ſel was 40 ounces Troy, and the capacity of 
the veſſel for receiving heat was equal to that 
of one ounce of water plus, . 23 of an ounce. 
The water and veſſel were, therefore, equal 
in capacity to 41. 23 ounces of water. 

The heat, ſeparated from the cylinder, 
was 114.25 degrees; and that received by the 


water was one degree, conſequently the capa- 


city of the water and veſſel, or of 41.23 
| Q 4 - ounces 


| + 
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ounces. of water, was to that of the gylinder 
as 114.25 to 15 If the quantity of water 
had been 114.25 ounces, the capacity of the 
cylinder would have been equal to. that of 
one ounce of water; but the quantity of 
water was only 4.1.23 ounces. The capacity 
of the cylinder muſt, therefore, have been 
leſs than that of an ounce of water in the 


proportion of 41.23 to 114.25. That is, 


the capacity of the cylinder was equal to that 
of. 3608 of an ounce of water. 


Hence we may determine the heat, that 


would have been communicated by the cylin- 
der, in the experiment in queſtion, if the 
tinned veſſel R had contained only 20 ounces 
of water, which was the quantity contained 
in the veſſel L. For, according to Rich- 
man's rule, when two unequal quantities of 
water are mixed together at different tempera- 
tures, if the products of the maſſes, multi- 
plied into the ſeparate heats, be added to- 
gether; and if this quantity be divided by 
the ſum of the maſſes, the quotient will give 
the temperature of the mixture. That is, 
calling the maſſes M and , and the ſeparate 
heats C and c; the temperature of the mix- 


: M C+mc 
ture will be 


. 
4 4 = It 


t] 
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It was proved, that the heat ſeparated by 
the water from the eylinder R, in Experi- 
ment XV. was 114. 25 degrees; and the heat 
of the water at the end of the 8th minute was 
62.7 p. Adding this to 114.25, we have 
176.95 for the temperature of the cylinder, 
at the moment of its immerſion in the water. 
If we conceive the quantity of the water to 
be 20 ounces, and the veſſel to be equal to 
one ounce plus . 23 of an ounce of water, the 
veſſel and water will be equal to 21.23 
gunces. The temperature of the water was 
61.7; and the cylinder was equal to. 3608 
of an ounce of water. 

We have, therefore, according to Rich- 
21.23 + 61.7 x .3608 + 176.95 ' 

21.23 + .3608, | 
equal to 63.626 for the temperature of the 
mixture; and the heat of the water, previ- 
ouſly to the immerſion of the cylinder, being 
61.7, the difference gives 1.926 for the heat 
which would have been communicated by the 
cylinder, if the quantity of water in the veſ- 
ſel R, had been equal to that in L: that is, 
if it had been 20 ounces. 

The heat imparted to the water in the veſ- 
ſel L was 2. 2 degrees. Of this quantity of 
5 . heat, 


av rule, 


* 
5 
1 
WE 
If 
od 
7 \ * 
2 
1 
LY bo 
» F234 
| 
1 
1 
31 
81 
111 
» 
—_—_ 
1 
| : 
? 
[ . 
| | 
n ”% : 
. N 
$3? | 
_ - 
_ | 
1 
i | 
„ 4 : 
l . 
. : 
l x 
WL ' 
ix 5 
. t 
o q 1 
U þ 
n 3 
418 
i - 
BR 
\ { 
l ? 
ul 
on 
1 
1 
14 | 
ry 
Ba » 
- Wit 
=_—_ 
ny £ i 
=_ + 
un 4 
_ . 15 
$ 
_ 1 
1 . 
_ 
=_- 
9 
1 
1 
" 1 
14 
1 
1 
i 
, [! 
G n 
=. 
74 
_ i 
= 4 
4 . 
| 
. 1 
1 
*J 
. 
3 
if 
| | 
' BW 
KF. 
4 
Ca 
a 
* 
- BY 
| | 
i 
4 1 
— 


'% 
£ 


234 FExPERIMENTS AND OBSERVATIONS 


heat, 1t appears, that 1.926 was yielded by 


the cylinder; from which it follows, that the 


heat imparted by the air was .274. It is 
proper to obſerve, that there was an error 
of -: of a degree in this experiment; for 
when it was compared with others of a ſimi- 


lar kind, the mean reſult gave .23 of a de- 


gree for the heat communicated by atmoſ- 
pherical air. 


To diſcover from theſe experiments the re. 

lation, which the abſolute heat of atmoſpheri- 
cal air bears to that of water, we may conſi- 
der what would have been the effect pro- 


duced if this ſpecies of air had contained the 
ſame abſolute heat with water. In that caſe, 


if the air were only the one hundredth part 


as denſe as water, and were raiſed 100 de- 


grees above the temperature of the water, it 


would communicate to it nearly one degree 
of heat. If it were only the one eight 
hundredth part as denſe, and were raiſed 100 
degrees above the heat of the water, it would 
communicate to it . the eighth part of a 
degree. | | 

Now the denſity of atmſplier * air 15 to 


that of water in a proportion ſomewhat lels 


than that of 1 to 800; and, in the foregoing 
I experi- 
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experiments, the exceſs of the temperature of 
the air above that of the water was 115.5 de- 
grees. If, therefore, in the experiment in 


gueſtion, the atmoſpherical air had contained 


the ſame abſolute heat with water, it would 
have communicated to the water nearly the 
eighth part of a degree; but it communicated 
a little more than the fifth of a degree. At- 
moſpherical air muſt, therefore, contain a 
reater quantity of abſolute heat than water. 

Dr. Irvine has pointed out a general rule, 

by which the comparative quantities of heat 


in bodies may be eſtimated, when the quan- 


tities of matter, and the changes produced in 


the temperatures are unequal. In that caſe 


the comparative quantities of heat are reci- 
procally as the changes in the temperatures 
multiplied into the quantities of matter. By 
the help of this rule; the ratio of the heat of 
atmoſpherical air, to that of water, may be 
more accurately calculated 1 in the following 
manner. | 

It is evident, that as equal bulks of air 
and water were taken, if the denſities of the 
water and air had been equal, the abſolute 


heat of the air would have been to that of the 


water as 1 to 497.5, which is the reciprocal 
proportion 
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proportion of the changes produced i in the | 


temperatures. 

Again, if the chinbines reduce in the 
temperatures had been equal, the quantities 
of abſolute heat would have been reciprocally 
as the quantities of matter. It follows, that 


neither being equal, the quantities of abſolute 


heat are in the compound ratio of the ſenſible 
heat gained by the water to that ſeparated 
from the air, and of the quam of water 
to that of air. 


It was before ſhown that the veſſel and 


water were equal to 21.243 ounces of water; 


and the ſpecific gravity of water being to that 


of atmoſpherical air in the proportion of 830 
to 1: it follows, that the quantity of matter 
contained in 21.23 ounces of water, is to that 
contained in 20 ounce | meaſures of air, as 
881 to 1. | 

In Experiment XV. the pa of the 
water in the veſſel L, previouſly to the im- 
merſion of the cylinders, was 61.8 ; the heat 
of the cylinder, with the air contained in it, 


was 200; the difference was 138.2; and : be- 


ing allowed for the heat imparted to the ex- 
ternal air, we have 115 nearly for the exceſs 
of the heat of the air in the cylinder, above 
that 


that of the water. The true heat of the 
cylinder, therefore, previouſly to immerſion, 


was 176.8; the temperature of the water at 
the end of the experiment was 64. The air 


was conſequently cooled by the water 112.8, 
and it was before ſhown that the water was 
heated by the air .23 of a degree. Hence 


the comparative heat of atmoſpherical air is 


to that of water. in the compound ratio of 
88 1 to 1, and of. 23 to 112.8. 

From which it appears, that the quantity 
of heat contained in the former of theſe 
elements, is to that contained in the latter, 
as 202.63 to 112.8, or as 1.79 to r. 

The comparative heat of pure air may be 
calculated as follows: It was before proved, 
that the two aerial fluids, pure and phlogiſ- 
ticated air, mixed in certain proportions, 


compoſe the air of the atmoſphere; and that 


of the atmoſpherical air, it is the purer part 
alone which is diminiſhed by phlogiſtic pro- 
ceſſes. Hence the quantity of pure air, con- 
tained in common air, may be diſcovered by 
obſerving the diminution which theſe pro- 
ceſſes produce. 

When nitrous and common air are mixed 


over water, in ſuch proportions as to effect a 


compleat 
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compleat ſaturation, and the mixture is ſuf-. 
fered to remain for a ſufficient length of time, 
the whole of the nitrous air, and g of the 
common air, diſappear. When common air 
is expoſed to a mixture of iron filings and 
brimſtone, the mean diminution, as deter- 
mined by the experiments of Dr. Prieſtley and 
Mr. Scheele, is 27 parts of an 100. In the 


former inſtance it is probable, that a ſmall 


portion of the pure air is protected by the 
Phlogiſticated from the action of the nitrous 
air, as has been remarked by Mr. Kirwan; 
and in the latter caſe it is likely that the whole 
of the pure air 1s ſeparated by the iron filings 
and brimſtone, and that a part of the phlo- 
giſticated air alſo diſappears, as it is well 
known that a ſmall quantity of this Auid is 
capable of being abſorbed by water. If, 
therefore, we take the mean reſult of the ex- 
periments with nitrous air, and with iron 


filings and brimſtone, we ſhall have nearly 


25 parts of an 100 for the true diminution. 
From which it appears, that nearly f of the 
air of the atmoſphere conſiſts of dephlogiſti- 
cated air. 


In Experiment IT. p. 190, the purity of the 


cated air was ſuch, that one mea- 
ſure 


— A A —_ 


—ů 


uro AIM AL HEAT, &c. 239 


ſure of it, mixed with two of nitrous air, 
occupied the ſpace of one meaſure. From 
Dr. Prieſtley's experiments it appears, that 
two parts of nitrous air ſaturate very nearly 
one of dephlogiſticated air; becauſe when 
they were mixed in this proportion, the 
dephlogiſticated air being very pure, not more 
than e of a meaſure remained. See Prieſt- 
ley's Obſervations and Experiments on Air, 
vol. 4. ſect. 25. When, therefore, one mea- 
ſure of dephlogiſticated air, mixed with two 
of nitrous, occupy the ſpace of one meaſure, 
it follows, that the dephlogiſticated air muſt 
have contained two thirds of its bulk of pure 
air. For the quantity of air that diſappears is 
two meaſures. Of theſe, one part muſt have 
been pure air, and two parts nitrous. The 
quantity of pure air, therefore, contained in 
the dephlogiſticated air, muſt have been one 
third of two meaſures, or two thirds of one 
meaſure; and as the whole of the dephlogiſ- 
ticated air, originally ſubjected to the exami- 
nation, was one meaſure, it is evident that it 
muſt have contained two thirds of its bulk 
of pure air. The part which remained un- 


diminiſhed by nitrous air, and unabſorbed by 


water, was phlogiſticated air. It is proper 
a to 
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to obſerve, that the air had been placed; 


previouſly to its examination, a conſiderable 
time over water, to free it n, ad- 
mixture of fixed air. 

| Thus it appears, that the dephlogilicated 
| air; which was introduced into the cylinder L, 
in Experiment II. p. 190, contained two thirds 
M of its bulk of pure air, and one third of 
SS phlogiſticated air; but the common air, in 


=» the oppoſite cylinder R, contained three 


I fourths of its bulk of phlogiſticated air, and 
lb one fourth of pure air. In that Experiment 
we may conceive the phlogiſticated air in L, 
amounting in volume to one third of the 
whole, to be balanced by an equal quantity 
of the ſame ſpecies of air in R. We may 
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R, amounting to one fourth of the whole; 
and the cylinders, being equal in weight and 

- capacity, preciſely balanced each other. 
The entire quantity of pure air in L was 
2 of the whole, the quantity in R was . 
The exceſs of the pure air in L, above that 
in R, was conſequently . 41, and the excels 
of the phlogiſticated air in R, above that in 
L, was allo . 41. The experiment in queſ- 
tion, 


8 


alſo conceive a portion of the pure air in L, 
to be balanced by a quantity of that fluid in 


of 
me 
thi 
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tion, therefore, gives us the difference be- 
tween the heat imparted by. 41 parts of pure 
air, and that imparted by an equal bulk of 
phlogiſticated air. This difference was r of 
a degree. Hence we may diſcover the quan- 
tities of heat, which would have been com- 
municated to the water, if the cylinder R 
had been filled with phlogiſticated air, and L 
with air perfectly pure. For let the heats, 
which would have been yielded by pure and 
phlogiſticated air, be called x and y, 


41 WE. 41 
Then L x— £y = 2 


100 100 
TEAS 4100 
EE 8 
4100 «„ — 4100 y S 2000 
Therefore * — y = 487. 


But it was ſhown that the entire quantity 
of heat imparted to the water by the com- 
mon air, in the cylinder R, was . 23; and 
this ſpecies of air contains ; of its bulk of 
pure air. | 

Therefore : * + 49 


R 
+ 
| 
2 
I. U 
© 8 
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but 4x +12 y = 3.68 
R there- 
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therefore 16 -. 9.524 


and =x "01 Y$ 
but x — y = 487 
therefore y = 108 


Whence 1t appears that the entire quantity 
of heat, which would have been yielded by 
pure dephlogiſticated' air, in the experiment 
in queſtion, is. 595; and that the quantity 
which would have. been imparted by air 
compleatly phlogiſticated, 1s .108. 

It was before obſerved, that as the tem- 
perature of the air m the room, in Experi- 
ments II. and III. was gradually encreaſed in 
proportion to the heat received by the water 
in the tinned veſſels, the error arifing from 
the irregularity of cooling. was in a great 
meaſure ' avoided. But as the quantities of 
heat received by the water were unequal, it 
was impoſſible entirely to obviate this ſource 
of fallacy : for the air having nearly the ſame 
degree of heat with the water in the veſſel 
which had the higher temperature, it is mani- 
feſt, that the water in that which had the 
lower, would neceſſarily, in the courſe of 
the experiment, receive a ſmall portion of 
heat from the ſurrounding air. If we ſup- 
poſe that, by- this cauſe, the difference of 

1+ heat 
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heat in the veſſels was diminiſhed the 2 part 
of a degree, we ſhall have very nearly .6 for 
the heat which would have been imparted by 
pure dephlogiſticated air. 

In Experiment II: the difference between 


the heats imparted by the dephlogiſticated 


and common air, was a little more than .2 


of a degree. In Experiment III. it was pre- 


ciſely .2. In that Experiment the heat of the 
water, in the tinned veſſels, previoully to the 
immerſion of the cylinders, was 59.5. The 
cylinders were raiſed to 200, which was 140.5 
degrees higher than the temperature of the 
water. The water was raiſed by the cylinder 
R, containing atmoſpherical air, a little more 
than one degree. 

Comparing the reſult of this Experiment 
with that of Experiment XVI. it appears that 
the cylinder muſt have loſt, during its paſ- 
ſage through the air, nearly + of the heat 
oY it had received from the boiling wa- 

; but the heat which it received was 140. 

The loſs was, therefore, 28.1 : ſubtracting 
this from 140, and adding the remainder to 
the heat of the water in the tinned veſſel, we 
have 171.9 for the true temperature of the 
cylinders at the moment of their immerſion. 
R 2 The 
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'The general temperature of the water in the 
veſſel L, at the end of the experiment, was 
61.7 p. The cylinder was therefore cooled 
by the water 110.2; and it has been proved, 
that if the cylinder had contained pure deph- 


logiſticated air, the heat imparted by this 


fluid to the water would have been .6 of a 
degree. 


The ſpecific gravity of pure air is to that 


of common air, by Dr. Prieſtley's Experi- 
ments, as 187 to 185. The ſpecific gravity 
of the latter is to that of water as 1 to 830; 
conſequently the ſpecific gravity of pure air is 
to that of water as 1 to 821. The quantity 
of air was 20 ounce meaſures. 'The water 
and veſſel were equal to 21.23 ounces of wa- 
ter. Hence the quantity of air was to that 
of water as 1 to 872.49. The comparative 
heat of water 1s, therefore, to that of pure 
air, in the compound ratio, of 110.2 to .6, 
and of 1 to 872.4, or as-1 to 4.749. 

The comparative heat of phlogiſticated air 
1s calculated as follows: It has been already 
ſhown that the heat, which would have been 
imparted to the water, in the IId and 111d 
Experiments, oy air e phlogiſti- 
cated, is . 108. 


From 
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From the Experiments of Abbe Fontana 
it appears, that the ſpecific gravity of phlo- 
giſticated air is to that of common air as 377 
to 385. The ſpecific gravity of the latter is 
to that of water as 1 to 830; therefore the 
ſpecific gravity of phlogiſticated air is to that 


of water as 1 to 847. The quantity of 


phlogiſticated air was 20 ounce meaſures. 
The water and veſſel were equal to 21.23 


ounces of water. Hence the quantity of air 


was to that of water as 1 to 899. 

The air in the cylinder R was cooled by 
the water, in Experiment III. 170.4; and 
it was proved that the water would have been 
heated by the air, if it had conſiſted wholly 
of phlogiſticated air,. 108; conſequently the 
comparative heat of water is to that of phlo- 


giſticated air, in the compound ratio of 110.4 


to. 108, and of 1 to 899, or as 110.4 to 87, 
nearly; that is as 1.26 to 1. 

The following is the calculation of the 
comparative heat of fixed air: It was ſhown, 
that in the experiments with the apparatus 
deſcribed above, which may be called an 
aerometer, the difference of the central heats, 
imparted by pure and common air to oil, was 
to the difference of the heats imparted by theſe 

R 3 fluids 


— - — — —— g K a _— —_— — , 
2 — 7 — = 
l r 1 — 


„ 3 1 
FRE — = 


— —— 
— ̃ᷣã!P—— 


1 
1 5 
75 
a A 
"LY 
of 
Nog 
ol 
; Fa 
. N 
1 
5 
by - 
ty 
4 f 
_ 
— 
7 
7 [1 
4 


\ 


246 FXPERIMENTS AND OBSERVATIONS 


fluids to water, as 3 to 2. Hence we may 
conclude, that ſimilar effects would be pro- 
duced if the experiments were made with 
common and fixed air, in oil and in water; 
that is, the difference in oil would be one 
third greater than in water; but the mean 
reſult of my experiments, with fixed and 
common air in oil, gave a difference of . o5 
in favour of common air. The difference in 
water would therefore be. 34. The ſpecific 
gravity of fixed air was found, by the Hon. 
Mr. Cavendiſh, to be to that of common air 
as 1.57 to 1. Hence its ſpecific gravity is to 
that of water as 1 to 553. The quantity of 
fixed air was 20 ounce meaſures; the water 
and veſſel were equal to 21.23 ounces of wa- 
ter; the quantity of water was, therefore, to 
that of fixed air, as 587 to 1. From the 
foregoing experiments with the acrometer, it 
appears that the heat imparted, by common 
air, to an equal bulk of water, is . 23; and 
we have ſeen that the heat communicated by 
that fluid is .034 parts of a degree greater 
than by fixed air. Hence the heat communi- 
cated to water by fixed air is . 23 —. 034, or 
196; and the heat ſeparated from the air by 
the water being 110, it follows that the com- 

—_y parative 
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parative heat of fixed air is to that of water, 


in the compound ratio, of. 196 to 110, and 


of 587 to 1, or as 115 tO 110. 

The comparative heat of inflammable air, 
as deduced from the foregoing experiments, 
may be calculated in the following manner. 

The ſpecific gravity of pure inflammable 
air was found, by Mr. Cavendiſh, to be to 


that of common air, as 1 to 12. 


The inflammable air, which was employed 
in the experiments to determine the compara- 
tive heat of this fluid, was procured from iron 
filings diſſolved in the vitriolic acid. It was 
obtained by a rapid efferveſcence, and was 
freed from the vitriolic acid air, with which 


it is commonly contaminated, by making it 


to paſs through water. It was therefore 
nearly pure; but as the braſs cylinder, into 


which it was introduced, was exhauſted by 


an air pump, and as the air, previouſly to 
its introduction into the cylinder, was forced 
into a bladder by the ſyringe formerly de- 
ſcribed, it was unavoidably, during this pro- 
ceſs, mixed with a portion of common air. 
Allowance being made for the error ariſing 
from this cauſe, the ſpecific gravity of the 


inflammable air uſed in the above- mentioned 


R 4 | - © • 
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experiments may be ſuppoſed to be to that of 
common air very nearly in the proportion of 


I to 10. But the ſpecific gravity of common 


air is to that of water as 1 to 830. Hence the 


ſpecific gravity of water was to that of the 


inflammable air in queſtion, as 8300 to 1. 


The quantity of inflammable air was 20 


ounce meaſures Troy ; the water and veſſel 
were equal to 21.23 ounces of water. If the 


volumes of the air and water had been equal, 


the quantities of matter would have been in 


the ratio of 1 to 8300. But the volume of 


the water (the veſſel] being conceived to be 
equivalent to 1.23 ounces of this fluid) was 
to that of the air as 21.23 to 20. Hence the 
quantity of matter in the water was to that 
in the air as 8810 to 1. 

| The heat, imparted to water by inflam- 
mable air, is a little greater than that im- 
parted by common air in ſimilar circum- 


ſtances, as I have found by repeated trials. 


But as the difference is very ſmall, we ſhall 
probably approach near to the truth, if we 


ſuppoſe, that the heats imparted by theſe fluids 


are equal. The heat therefore which inflam- 
mable air communicates to water, in experi- 
ments 


11 
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ments ſimilar to thoſe recited above, will 
be 235 | 

Hence the comparative heat of the ;nflath- 
mable air, which was uſed in the above- 
mentioned trials, 1s to that of water in the 
compound ratio of 8810 to 1, and of .23 to 
113-2, or as 17.9 to I, 

Admitting that the lighteſt inflammable air 
communicates as much heat to water, as an 
equal bulk of common air, in ſimilar circum- 
ſtances, its comparative heat may be calcu- 
lated as follows. The ſpecific gravity of this 
fluid is to that of water as 1 to 9960. The 
quantity of the water employed in the experi- 
ment, the veſſel being reduced to its value in 
water, was, therefore, to that of the air, as 
10567 to 1. The comparative heat of the 

lighteſt inflammable air is conſequently to 
that of water in the compound ratio of 
10567. to 1, and of 23 to 113.2, or as 21.4 
tO I. 
In the deductions from the foregoing ex- 
periments, it is taken for granted that the 
capacities of the airs are permanent, in the 
intermediate temperatures between the freez- 
ing and boiling points of water. But it was 
before obſerved, that theſe fluids probably 
ſuffer 
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ſuffer a ſmall alteration of capacity, in con- 
ſequence of their rarefaction or condenſation 


by expoſure to heat or cold. It is, however, 


manifeſt that no change of capacity could 


have ariſen from this cauſe in the experi- 


ments in queſtion; becauſe the airs were 
prevented from expanding, by the braſs 
cylinders, in which they were included. It 
ſeems indeed evident, from the following 


facts and obſervations, that ſuppoſing the airs 


in thoſe experiments to have been permitted 


freely to expand, the alteration in their capa- 


cities would have been inconſiderable. 


It is well known that cold is produced 


when air 1s rarified in the receiver of an air 


pump, and heat when it is condenſed. I 


have made many experiments to determine 


the quantities of heat and cold which are 


cauſed by the condenſation and rarefaction of 
air ; but I have not as yet been enabled to 
aſcertain this point with a ſufficient degree 
of preciſion. I have found, in general, that 
when one atmoſphere was ſlowly introduced 
into the exhauſted receiver of an air pump, 
a very ſenſible thermometer ſuſpended in the 
receiver roſe nearly 6.5 degrees. If the air 
was ſuddenly introduced, the increaſe of 

: ” tem- 
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temperature was not more than 5.5; and it 
appeared that there was a certain limit in the 
velocity of introduction, which produced the 
greateſt poſſible augmentation of temperature. 
I alſo found, that the cold produced by 


exhauſting the receiver, was nearly 5 degrees, 


and that during this operation the thermo- 


meter ceaſed to fall before the air was com- 
pleatly exhauſted, being obſerved ſenſibly to 
aſcend when the gage was at 27. | 
In theſe experiments I endeavoured to 
obviate the effects of moiſture, by placing 
the receiver upon a leather which had its 
pores filled with tallow. Notwithſtanding 
this precaution, however, a ſenſible precipt- 
tation of vapour was perceived in the ex- 
hauſted receiver. But the error ariſing from 


that cauſe was avoided by repeating the ex- 
periments with an inverted glaſs decanter, 


which was fixed to the plate of the air pump, 
a thermometer being inſerted by means of a 
ſcrew into a cavity in the neck of the 


decanter. 


When the experiments were made with 
this apparatus, the reſults were nearly the 
ſame with thoſe of the preceding trials; the 
cold produced by the exhauſtion of the air 

being 
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being 5 degrees. It moreover appeared, that 
the cold generated by the rarefaction of 
phlogiſticated air, was a little leſs, and by 
the rarefaction of dephlogiſticated air, a little 
greater than by that of common air; but 
the difference was inconſiderable. 

From the experiments of General Roy we 


learn, that the bulk of common air, at the 


temperature of 212, is to its bulk at the 
Zero of Farhenheit's thermometer, as 14 to 
10, nearly; that is, when it is raiſed from 


Zero to 212, its expanſion i 1s nearly one half 


of its original bulk. | 
The rarefaction of dephlogiſticated air by 


heat is greater than that of common air. Let 


the bulk of the former of theſe fluids, when 


its temperature is raiſed 110 degrees, be con- 
ceived to be increaſed one half; and by that 


Increaſe of bulk, let a quantity of heat be 


abſorbed in conſequence of an augmentation 
of capacity, which would raiſe the air three 
degrees. 

In the experiments with the acrometer re- 
cited above, it appeared that the ſeparation of 


110 degrees of heat from the dephlogiſticated 
air, raiſed the water . 4 of a degree; and 


hence, by the ſeparation of 11073, or of 
113 
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113 degrees, the water would have been 
raiſed .4 plus 55. That is, the ſeparation of 
three degrees would have raiſed the water +55 
of a degree, which is a quantity ſo inconſi- 
derable that it could not have been diſtin- 
guiſhed by the thermometer. 

Having determined the comparative heats 
of atmoſpherical, pure, phlogiſticated, fixed, 
and inflammable air, I next endeavoured to 
aſcertain the ' comparative heat of AQUEOUS 
vapour. 

The comparative heat of aqueous vapour 
could not be determined by experiments ſimi- 
lar to thoſe recited above, becauſe the vapour 
of boiling water condenſes when it is reduced 
to a temperature below 212. I therefore 
had recourſe to the following method in or- 
der to diſcover the capacity of that fluid. _ 

It is now generally believed that aqueous 
- vapour is compoſed of pure and inflammable 
air, which in the proceſs of combuſtion inti- 
mately unite with each other, and at the ſame 
time give off a | arg quantity of nnn 
fire, f 

If, therefore, the whole quantity of abſo- 
lute heat, contained in pure and inflammable 
air, be given, and if the heat which theſe 
fluids 
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fluids evolve, when, by the proceſs of com- 
buſtion, they are changed into aqueous 


vapour, be likewiſe determined, the quantity 
of abſolute heat in the latter will be known. 
Hence, in order to diſcover the quantity of 
heat in aqueous vapour, it was neceſſary to 
determine the heat which is extricated from 
pure and inflammable air when they are 
burned together in cloſe veſſels. With a view 
to determine the heat produced by the com- 


buſtion of theſe fluids, it was propoſed to me 


by Dr. Prieſtley that they ſhould be confined 
in a tinned or braſs veſſel ſurrounded with wa- 
ter, and ſhould be fired by the electric ſpark, a 
thermometer being introduced into the water 
to indicate the heat that it received: in con- 
ſequence of which I contrived the following 
apparatus for the purpoſe of making this ex- 
periment. (See plate III. fig. 3.) GK re- 
preſents a braſs veſſel, at the lower extremity 


of which is fixed a ſtop cock, and at the up- 


per extremity the apparatus commonly uſed 
for firing inflammable and dephlogiſticated 
air by the electric ſpark. This apparatus 
conſiſts of a crooked braſs wire OP, inſerted 
in a ſmall glaſs tube , to which it is cement- 
ed by plaſter of Paris, The glaſs tube 1s, 
7 | in 
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in like manner, cemented to a braſs pipe 
through which it paſſes, the latter being fixed 
by a ſcrew to the braſs veſſel at the point L. 
The immediate communication between the 
wire and veſſel being thus interrupted by 
means of the glaſs tube, the electric ſpark, 
which enters at the upper extremity of the 
wire, ſets fire to the air in its paſſage from 
the lower extremity © the ſide of the 

veſſel. | 
The airs having been mixed in the proper 
proportions in a bladder, are introduced into 
the braſs veſſel previouſly exhauſted by an air 
pump. The braſs veſſel is then introduced 
into the tinned cylindrical veſſel A D, (ſee 
fig. 4) to the bottom of which it is ſcrewed 
by means of a male ſcrew formed on the ex- 
tremity of the pipe of the ſtop cock, which, 
as has been already mentioned, is fixed to the 
lower end of the braſs veſſel. As this cock 
neceſſarily projects to a little diſtance from 
the pipe, through which the air paſſes, it is 
manifeſt that a ſmall portion of vacant ſpace 
will be interpoſed between the pipe and the 
lower extremity of the tinned veſſel which 1s 
formed to receive it. For the purpoſe 'of 
filling this cavity, a piece of cork, equal to 
it 
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it in ſize, is divided longitudinally through 


the centre, and its ſides are applied to the 


ſtop cock, being excavated in ſuch a manner 


as to be cloſely adapted to every part of it. 
This is repreſented by N O, the lower ex- 
tremity of the figure G K, ſee fig. 3. 

Finally, a quantity of water, ſufficient to 


cover the braſs veſſel, is introduced into A D, 


(ſee fig. 4) and the temperature is indicated 


by a thermometer, which has each degree of 


Farhenheit's ſcale divided into ten equal parts. 
The tinned veſſel is covered with thick flan- 
nel for the purpoſe of counteracting the re- 
frigerating power of the ſurrounding air. 

By means of this apparatus I made the 
following experiment : 

Air in the room. „„ dB. 

A mixture of dephlogiſticated and inflam- 
mable air, the volume of the latter being to 
that of the former as 2 to 1, was introduced 
into the braſs veſſel, which was ſcrewed to 
the bottom of the tinned veſſel, and ſurround- 
ed with 16 ounces Troy, 2 drams, and 2 
ſcruples of water. The water being ſuffered 


to remain in the veſſel till the heat became 


very nearly ſtationary, its temperature, as 
indicated by a thermometer which had each 


degree 


r 


lings diſſolved in the vitriolic acid. 
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degree of Farhenheit's ſcale, divided into ten 
equal parts, was found to be 46. 1 plus. 
The airs were now fired by the electrie 
ſpark, and the temperature 


In 1 minute was — 47.3 
2 285 wm 
SORT, + og 7 
$7 1 —̃ "2 
E 

6 — — 48.6 

JE 1. 20 wi 48.6 | 
8 — — 48.6 n 
§9 — — 48.6 plus. 


The braſs veſſel being now removed, and 
the water being agitated, for a little time, 
that the. heat might be equally diffuſed over 
it, the general temperature was 48.6 plus, 
When this experiment was made the baro- 
meter ſtood at 30.6. 

The purity of the dephlogiſticated air, as 
meaſured by Dr. Prieſtley's Teſt, was . 2. 
The inflammable air was obtained from iron 


% 


It is proper to obſerve, that as the braſs 


veſſel could not be compleatly exhauſted by 


the air pump, a ſmall portion of common 


air remained in it when the mixture of 
8 dephlo- 
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dephlogiſticated and inflammable air was in. 
troduced ; a little common air was alſo un. 
avoidably mixed with theſe fluids, when they 
were forced by means of a ſyringe into the 
bladder, previouſly to their introduction into 
the braſs veſſel. Though the inflammable 
air was obtained by a rapid efferveſcence, and 
was paſled ſeveral times through water, for 
the purpoſe of purifying it, yet it could not 
be entirely freed from the vitriolic acid air, 
and other impurities with which it is com- 
monly contaminated. | 
For theſe reaſons, after the experiment was 
finiſhed, a quantity of air remained in the 
braſs veſſel, which did not ſuffer any change 
by the deflagration. This quantity was 
eſtimated in the following manner : the braſs 
veſſel, at the concluſion of the experiment, 
being unſcrewed from the tinned veſſel, was 
inſtantly plunged into water; and the cock, 
which was fixed to its lower extremity, being 
opened, the water was ſuffered to rufh into it. 
Having remained in this ſituation until no 
more water would enter, the cock was ſhut, 
and the veſſel was weighed; after which the 
fame veſſel being compleatly filled with wa- 
| | : ter, 
5 


le 
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ter, was again weighed : whence it appeared 
that 5 ounce meaſures Troy, and 3 dram, 

meaſures. of air, remained in the veſſel at the 
concluſion of the experiment. | 

The original heat of the water in this ex- 
periment was 46.1 plus. At the end of nine 
minutes, when the braſs veſſel was removed,. 
and the water was reduced by agitation to a 
uniform temperature, the thermometer ſtood: 
at 48.6 plus. The heat imparted by the 
deflagration of the airs was therefore 2.5 de- 
grees. | 1 

This experiment was frequently repeated, 
and the mean reſult gave 2.4 for the heat 


communicated to the water. Hence the 


number of degrees of ſenſible heat, which 
would have been communicated by the de- 
flagration of the airs employed in theſe ex- 
periments, to an equal quantity of pure and 
inflammable air, mixed in the ſame propor- 
tions, may be determined as follows. 

The weight of the braſs veſſel in which the 
airs were fired, was 23 ounces Troy, 1 dram, 
and 2 ſcruples, or 11140 grains. The capa- 
city of braſs is to that of water as 1 to 8.9. 
That is, 8. 9 ounces of braſs, or 4272 grains, 

S 2 are 


4 
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are equal in capacity to 1 ounce of water ; 


and, conſequently, 23 ounces, 1 dram, and 


2 ſcruples, or 11140 grains, are equal in 


capacity to 2.607 ounces of water. 


he capacity of the tinned veſſel in which | 
the water and braſs apparatus were contain- 
ed, was to that of 34 ounces Troy of water, 
as 1 to 21.4. In other. words, the quantity 


of abſolute heat contained in the veſſel was 
equal to that contained in the ++. part of 
34 ounces of water, or equal to that con- 


tained in 1.58 ounces of water, The quan- 
| tity of water employed in the experiment was 


16 ounces Troy, 2 drams, and 2 ſcruples, 
or 16.33 ounces very nearly. The braſs 
apparatus has been ſhown to be equal to 
2.607 ounces of water, and the tinned veſſel 
to 1. 58 ounces. Hence the water, cylinder, 
and veſſel were equal in ME to 20. 517 
ounces of water. 

It was the purer part of the inflammable 
air alone that was capable of uniting with 


the dephlogiſticated air in theſe experiments. 


The ſpecific gravity of pure inflammable 
* is to that of common air as 1 to 12, and 


to that of — air nearly as 1 to 


12.1. 
* 


al 


CC 
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11 i therefore, the volumes of the two 
airs, uſed in the experiments in queſtion, 
had been equal, their weights would have 
been as 1 to 12.1. But as the volume of 
the inflammable air was twice as great as that 
of the dephlogiſticated air, the former was 
to the latter in weight as 1 to ==, oras I 
to 6.05, Hence the ſpecific gravity of the 
compound, conſiſting of theſe two fpecies's of 
air mixed in the above proportions, was to 
that of dephlogiſticated air, as —— to 1, 


2:37 & 


and to that of inflammable air, as to 


Z.574 574 


——, or as 4.7 to 1; and the ſpecific vas 
of inflammable air being to that of water, as 
1 to 9960, it follows that the ſpecific gravity 
of water was to that of the COmpouny as 
2110 W177 & 
The comparative heat of pure dephlogiti! 
cated air is to that of water, as 4.75 to r, 
nearly ; and the comparative heat of pure 
inflammable air is to that of water, as 21.4 
to 1. Hence the comparative heat of the 
compound was to that of water, as 7.11 to 1. 
It was ſhown above that the quantity of 
air which remained in the braſs veſſel, at the 
concluſion of the experiment, was 5 ounce 
meaſures Troy, and 3 dram meaſures. It is 
| 1 manĩ- 
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manifeſt that this air, which conſiſted chiefly 
of phlogiſticated, mixed with a ſmall portion 
of common air, did not ſuffer any change in 
its capacity during the deflagration. 

This appears from the experiments of Mr, 
Cavendiſh, who has proved that pure dephlo- 
giſticated and inflammable air are almoſt 
wholly converted into water, when they are 
fired by the electric ſpark in cloſe veſſels; 
and that the quantity of air which remains 
in the veſſel, at the concluſion of the experi- 
ment, is in proportion to the heterogeneous 
aerial fluids with which thoſe airs are mixed 
previouſly to their combuſtion. 


The entire quantity of air which filled the 
braſs veſſel was 16 ounce meaſures Troy, 
and 3 dram meaſures, very nearly; and the 


quantity which remained unaltered being 5 


ounce meaſures, and 3 dram meaſures, it 


follows that the volume of the airs, which 
contracted a chemical union in thoſe experi- 
ments, and which were converted into wa- 


ter, was 11 ounce meaſures. - The quantity 


of water uſed in the experiments was 16.33 
ounces; and it was before ſhown that the 


braſs and tinned veſſels were equal in capacity 


to 4.187 ounces of water ; conſequently the 
relative 


ielative magnitudes of the air and water were 
as 11 to 16.33 + 4.187, or as 11 to 20.517. 
It has been already proved that the ſpecific 
gravity of the compound of the airs employ- 
ed in the experiment was to that of water as 


r to 2119. Hence the quantity of matter in 
20.517 ounces of water was to that in 11 


ounce meaſures of. the compound, as 3952.3 
to 1. We have ſeen that the water was 
raiſed, by the deflagration of the airs, 2.4 de- 
grees. If the capacities of the airs and water 
had been equal, it is manifeſt that the ſame 
heat which raiſed 3952 parts of water, 2.4, 
would have raiſed one part of air 9484.8 de- 
grees. But the capacity of the airs was to 
that of water as 7.11 to 1. The airs would 
therefore have been raiſed by the ſame heat 
only the part of 9484.8, or 1333 degrees. 
Hence the whole quantity of heat which the 
airs contain at a given temperature, as ex- 
preſſed in degrees of the thermometer, may 
be determined as follows. 

It was ſhown, that the airs previouſly 
to their combuſtion contained a quantity of 
heat ſufficient to raiſe them 1333 degrees. 
If we ſuppoſe, that when they were fired by 
the electric ſpark they gave off the whole of 
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the heat which they contained; it will fol- 
| low that the point of total privation, or the 
degree of cold to which they muſt be reduced 
in order to deprive them wholly of their heat, 
is 1333 degrees below the common tempera- 
ture of the atmoſphere. But a part of the 
heat that exiſted in theſe fluids was retained 
by the water, which was the product of their 
union ; the heat that was extricated from the 
airs being the difference between the entire 
quantity of heat which they contained, and 


that contained in an equal weight of water at 
the ſame temperature. We have before ſeen 


that the whole quantity of abſolute heat, in the 
compound of pure and inflammable air, was 
to that contained in an equal weight of water 
at the ſame temperature as 7.11 to 1; and 


hence the difference between the abſolute heat 


of the airs and of the water was 7.11—1, or 
6.11. de | 

It has been proved that this difference was 
ſach as would have heated the compound of 
pure and inflammable air 1333 degrees. In 
order, therefore, to diſcover how much the 
temperature of the airs would have been raiſed 
by the heat which was retained by the wa- 


= 18 
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ter; ſay if 6.11 give 1333 degrees, what 
will 1 give? Whence 1t appears, that the 
heat retained by the water would have heated 
the airs 218 degrees; adding this to 1333, 
Ve have 1551 degrees for the whole quantity 
of heat contained in the airs, as expreſſed in 


degrees of the thermometer, and eſtimated 


from the point of total privation *. 
The reader will obſerve, that the fore- 


going calculation is deduced from the com 


parative heats of air, and of water, and not 
from thoſe of air and aqueous vapour. For 
though, in the experiments recited above, 


the pure and inflammable air were at firſt 


converted into aqueous. vapour; yet as the 
veſſel was ſurrounded” with water at a low 
temperature, and as a conſiderable quantity 
of air remained in it after the deflagration, 


It is a tribute of juſtice, which is due to Dr. Irvine, 
to acknowledge, that the mode of reaſoning, which has 

been employed in the above enquiry, to determine the 
whole quantity of heat contained in air, is ſimilar to that 
which he formerly employed to calculate the loweſt degree 
of heat in bodies from the relative capacities of ice and 
water, and the quantity of heat given off by the latter when 
it is congealed. The ingenious Theorem, by which this 
curious queſtion was ſolved, the reader will ſee explained 


in Mr, Nicholſon's Treatiſs on Natural Philoſophy. 
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the vapour, in the courſe of the experiment, 
muſt neceſſarily have been condenſed. 

It 1s evident that, in this experiment, an 
imperfect vacuum was formed by the con- 
verſion of the pure and inflammable air into 
water; and ſome Philoſophers have ſuppoſed 
that a vacuum may contain heat. 

I endeavoured to determine the queſtion 
reſpecting the capacity of a vacuum for heat 
by the following experiment : The cylindrical 
veſſels of the aerometer, containing atmoſ- 
pherical air, were expoſed for a conſiderable 
time, in the bath, to the action of boiling 
water, in order that the ſtop cocks, by hav- 
ing the heat uniformly diffuſed over them, 
might become air tight. The air was then 
exhauſted from one of the cylinders by means 


of a crooked pipe, which was ſcrewed upon 


it, and which communicated with an air 
pump; after which the cylinders having been 
expoſed to heat in the bath for ſeveral mi- 
nutes, were ſuddenly immerſed in the tinned 
veſſels, containing equal quantities of cold 
water. From this experiment, which was 
ſeveral times repeated, it clearly appeared that 
a vacuum has a leſs capacity for heat than 
atmoſpherical air; and that, if it does con- 

| tain 


ao 

aa" 
be IF v2 

s 1 * on, 


ron ANIMAL Har, &c. 267 
tain heat, the quantity is ſo minute that it 
could not be appreciated by my thermome 
ters. Admitting, however, that a ſmall quan- 
tity of heat may exiſt in the vacuum, which 
is formed by the deflagration of pure and in- 
flammable air, in cloſe veſſels, it will fol- 
low, that the natural Zero is a little lower 
than that which has been derived from the 
foregoing calculation. And in that caſe the 
natural Zero, as determined by experiments 
with ſubſtances which do not undergo a con- 
ſiderable alteration of bulk, when they ſuffer 
a change of form, would be farther removed 
from the common temperature of the atmoſ 
phere, than the Zero which is deduced from 
experiments with pure and inflammable air. 
It is manifeſt, however, that the utmoſt care 
and accuracy would be required to determine 
this point with ſufficient preciſion. In the 
mean time I think we may conclude with 
certainty, that pure and inflammable air, at 
the temperature of 50, contain nearly 1550 
degrees of heat. 

It was before ſhown that all bodies, which 
have a common temperature, muſt have the 
ſame number of degrees of ſenſible heat, as 
meaſured by an equidifferential thermometer, 
and 


* 
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and eſtimated from the point of total priva- 
tion. If, therefore, the entire quantity of 


ſenſible heat contained in air, at the common 
temperature of the atmoſphere, be 1550 de- 
grees, it will follow that the number of de- 
grees of heat, in all bodies at the ſame tem- 
perature, muſt likewiſe be 1550; and con- 
ſequently this will be the point to which, if 


bodies were to be es they would 


become abſolutely cold. 


Hence it is manifeſt, that if, by the fore- 


_ experiments upon air, the true Zero, 

or point of abſolute cold, has been juſtly de- 
termined, it ſhould correſpond with the Zero 
which is derived from ſimilar experiments up- 
on all other bodies that produce ſenſible heat 
or cold, in conſequence of a change of form. 
Meſſrs. Lavoſier and De la Place have en- 


deavoured to ſhow that the Zero, or point of 


total privation, as determined by the changes 
of capacity, and the quantities of heat evolved 
from bodies, in various inſtances, is not uni- 


form. But they admit that the apparent 


deviations from this law were not greater than 
ſuch as might have ariſen from unavoidable 
errors in their experiments. I have made 
many experiments! with a view to determine 

this 


zn5,»„‚̃ a a on & ©. 2 we 
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this queſtion; and I have uniformly found, 
that when bodies produced heat, in conſe- 
quence of a change of form, their capacities 

were diminiſned; and that, on the contrary, 
when they produced cold, their capacities 
were increaſed. But I have not yet been 
enabled to bring my experiments to ſuch a 
degree of accuracy as to determine, with cer- - 
tainty, whether the relation which the in- 
creaſe and diminution of capacity bears to the 
quantities of heat and cold produced be ſuch 
as to give a uniform reſult for the point of 
total privation. The experiments were, how - 
ever, by no means inconſiſtent with that law, 
and did not deviate from it more than might 
naturally be expected from the inaccuracy to 
which ſuch experiments are liable. 

Having aſcertained the whole quantity of 
heat in pure and inflammable air, we may 
hence determine the capacity of aqueous 
vapour. It has been proved that pure air, 
at the common temperature of the atmoſ- 
phere, contains 1 550 degrees of heat; and it 
was ſhown that all other bodies muſt contain 
an equal number of degrees when at the ſame 
temperature. Water, therefore, at the com- 
mon temperature of the atmoſphere, will 
like- 
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likewiſe have 1550. degrees of heat; and at 
the temperature of 212 it will have nearly 
1650 degrees of heat. But the heat abſorbed 
by aqueous vapour, as appears from the ex- 
periments of Mr. Watt, is 914 degrees. 
From which it follows, that. the capacity of 
water is to that of aqueous vapour as 1650 
to 1650 + 914, or as 1 to 1.55.. It was 


before proved that the capacity of water is to 


that of pure air as 1 to 4.749, The capa- 
city of aqueous vapour is therefore to that of 
pure air as I 57 to 4. 749. or as 1 to 3 
nearly. _ 

Thus it appears, that aphid air 
contains a greater quantity of abſolute heat 
than fixed or * air, or ee 
vapour. 

Hence the ks of heat, in a mixture 
of pure and phlogiſticated air, will be en- 
creaſed by augmenting the proportion of the 


former, and diminiſhed by augmenting that 


of the latter. Agreeably to this we find, that 
the comparative heat of air perfectly pure, is 
to that of atmoſpherical, which conſiſts of 
Pure, and + phlogiſticated air, as 2.2 to 1. 
The reader will obſerve, that the quanti- 


ties of abſolute heat in equal bulks of re- 


ſpirable 
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pirable air, having different degrees of purity, 
are not accurately proportional to the quanti- 
ties of pure air which they contain; for the 
quantity of pure air, in a given portion of 
the pureſt dephlogiſticated air, is four times 
as great as that contained in an equal bulk of 
atmoſpherical; and the comparative heat of 
the former 1s to that of the latter only as 2. 2 
to 1. The reaſon is obvious: phlogiſticated 
air, which is one of the conſtituent parts of 
atmoſpherical, contains a conſiderable . 5 
tity of abſolute heat. 

If, however, from the abſolute heat of any 
ſpecies of reſpirable air, we ſubtract the heat 
contained in that portion of it, which is not 
altered by the action of the lungs in reſpira- 
tion, the quantity of heat contained in the 
remainder will be nearly proportional to its 
power in ſupporting animal life. Thus, if 
from the heat of a given quantity of atmoſ- 
pherical air, we deduct the heat of the phlo- 
giſticated air which forms one of its conſti- 
tuent parts, and which is not altered by re- 
ſpiration; the quantity of heat in the re- 
mainder will be to that contained in a quan- 
tity of pure air equal in bulk to the atmoſ- 
Pherical, as I to 4 nearly. And Dr. Prieſtley, 

| whoſe 
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whoſe diſcoveries on this ſubject have been 


deſervedly much admired; has proved, that 
the power of the latter, in ſupporting animal 


life, is nearly. five times as ant as that of 


the former. 


It is proper to :nemarks. that though the | 


powers of different ſpecies's of reſpirable air, 
m contributing tothe ſupport of animal life, 
are nearly proportional to the quantities of 


pure air which they contain, yet they are 
not accurately in that proportion; for the 


quantities of pure air, contained in the Pureſt 
dephlogifticated and in atmoſpherical air, are 
as 4 to 1; but the power of the firſt, in 
ſupporting animal life, is to that of the laſt 


as 5 to 1. The reaſon of this difference 
ſeems to be, that a ſmall. portion of the pure 


air, contained in the atmoſpherical, is pro- 
tected from the action of -the lungs by the 
phlogiſticated air with which it is mixed, as 
Mr. Kirwan has ſuggeſted. _ | 
There is, therefore, upon the whole, ſuf- 
en evidence for concluding that the purer 
part of atmoſpherical air has its capacity for 
heat diminiſhed by the change which it un- 
dergoes in the lungs of animals; and that, 


it from the abſolute heat of any ſpecies of 
reſpirable 
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reſpirable air not perfectly pure, we ſubtra&t 
the heat of thoſe ingredients which are not 
altered by reſpiration, the quantity of heat 
contained in the remainder will be nearly 


proportional to its power in ſupporting ani- 
mal life. * 


ProPosITION II. 


The blood which paſſes from the lung to 
the heart by the pulmonary vein, contains 
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more abſolute heat than that which paſſes Al 
from the heart to the 8 by the pulmonary | 1 
artery. 1 

As the for; IS the blood which is pro- | | | 
pelled through the arteries in the aortic ſyſtem, = 


and the latter is that which in the ſame ſyſtem 
is returned by the veins, I ſhall call the farſt 
arterial, and the laſt venous blood. | 

The followin g experiments were TY to 
determine the comparative heats of venous 
and arterial blood. 


ExPERIMENT I. 


A in the room — n 
Half a pound of water, Avoirdupoiſe 
weight, at 5 3» was mixed with half a pound 


and 400 grains of arterial blood, at 102. 
* . The 


— 
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The mixture at the end of 


1 minute was 78, 
2 hn 772, nearly, "= 
35 — 77 When it coagulated, 


4 1 222 772. 


ExPERIMEN T II. 


Half a pound of water, Avoirdupoiſe 


weight, at 532, was mixed with nine ounces 
and a half and 14 grains of venous blood, at 


991. 
The mixture at the end of 


x minute was 76, 
37 — 506 when it coagulated, 


8 —_— 76, 
2 . 


In making theſe experiments it was neceſ- 


fary to uſe as much expedition as poſſible, 
that the heat of the mixture might be deter- 
mined previouſly to the coagulation ; and, 
therefore, the water was firſt accurately 
weighed. Half a pint of blood was taken 
from the carotid artery of a ſheep for the 
firſt experiment, and from the jugular vein 
for the ſecond : the heat of the mixture was 
then aſcertained by the thermometer, and 

tie 
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the weight of the blood was determined a at 
the concluſion of the experiment. The, 

It may be proper to obſerve, that when 
the venous and arterial blood were firſt diſ- 
charged from the animal, the former was 
much more fluid than the latter ; and' we 
have ſeen that when they were mixed with 
equal quantities of water, the venous blood 
was ſomewhat later in TY than the 
arterial, | 5 

To determine the heat of artecial blood, 
from the former of the above experiments, 
we may obſerve, that as, in this experiment, 
the blood was poured upon the water, a ſmall 
portion of heat was loſt in its paſſage through 
the air. I have found, by a ſubſequent trial, 
that the quantity of heat which was thus loſt 
was very nearly one degree. If this heat 
had been added to the mixture, it would 
have raiſed it nearly half a degree; and as 
the mixture, previouſly to its coagulation, 
cooled at the rate of one-fourth of a degree 
in a minute, we may add, at leaſt, half a 
degree for the heat loſt in the firſt minute, 
which gives 78 for the temperature of the 


mixture, 
2 This 
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This experiment was made in a pint pewter | 


veſſel, the capacity of which for receiving 
heat was to that of the water nearly as 1 to 
16. The quantity of water was eight ounces; 
the heat received by the veſſel was conſe- 
quently equal to that which would have been 
received by the one-ſixteenth part of eight 
ounces, or by half an ounce of water. It 
follows,” that the effect of the veſſel and the 
water together was equal to that which would 
have been produced by eight ounces and an 
half of water. 

The temperature of the mixture was. 7815 ; 
ſubtraQing this from 102, we have 231 for 
the heat ſeparated from the blood. The 
water and the veſſel were raiſed from 53 to 
781, or 251. The quantity o of blood was 
eight ounces and 400 grains Avoirdupoiſe, 
or 3899 grains; and, therefore, the heat of 
the arterial blood is to that of water, in the 
compound ratio of 84 ounces to 8 ounces 
and 400 grains, and of 251 to 231, or as 
10 93. to 1003 conſequently the heat of water 
is. to that of arterial blood as 100 to 103, or 
nearly as g7. 08 to 100. 

n. the ſecond experiment, adding half a 


ge egree. for the heat, loſt in the firſt minute, 


We 
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mixture. The blood w was Lela rol 91 I 
767, or nearly 22.8 3. Tie water and 
ſel were raiſed from 531 to 7615 or 23 427 
grees. The quantity of venous blood was 
9: ounces and 14 grains Avoirdupoile, or 
4168 grains, The water and veſſel were to- 
gether” equal to 81 ounces of water ; 'there<. 
fore the heat of venous blood is to that of 
water, in the compound ratio of 85 ounees,, 
to 91 ounces and 14 grains, and of 22 83 t to 
23, or as 100 to 112. r 
Putting A for arterial blood, V fork venous, 
and W for water, the ratio of the heat of 
venous to that of arterial blood, is determined 
in the following — © 
Wk. „ 08. 100. 112. 1 "OY 
Therefore'V : A: * 97: 0 to 11a or ng ar- 
ly as 10 to 111 ets 
To determine whether the ſame G is 
produced in the blood of other animals, by 
the proceſs of reſpiration, fimilar experi- 
ments were made with the venous and arterial 
blood of a dog. And the i inaccuracy which 
might be ſuppoſed to have ariſen in the 
former experiments, from the tendency of 


TJ | the 
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the blood to coagulate, was avoided by mix- 
ing the water and blood in ſuch quantities 
: that the coagulation ſhould not take place 
for many minutes. When nearly 2 ounces 
of venous blood was received from the jugular 
vein of a dog, and ſpeedily mixed with 13 
ounces of water, no tendency to coagulation 
was obſerved during the firſt three minutes. 
At the end of the 4th minute, the fluidity of 
the mixture ſeemed to be a little diminiſhed ; 


and at the end of the 6th minute it was com- 


pleatly coagulated. - 

When 1 ounce, 7 drams, and 2 ſcruples 
of arterial blood was taken from the carotid 
artery of a dog, and mixed with 13 ounces 
Troy of water, having the ſame temperature 


with that uſed in the foregoing experiment, 


a tendency to coagulation was perceived at the 
end of 3 minutes; and at the concluſion of 
the 5th minute, the coagulation was com- 
pleated, By varying theſe experiments, [I 
found that when one part of blood was 
mixed, with nearly 12 parts of water, no 
coagulation took place for ſeveral hours; and 
thus the inaccuracy which might be ſuppoſed 
to ariſe from a tendency to coagulation, was 
obviated, From the reſults of a variety of 

| trials, 
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trials, made with theſe precautions, it ap- 
peared that the comparative heat of the 
arterial blood of a dog was to that of the 
venous, as 114 to 100. In the experiments 
with the blood of a ſheep, the comparative 
heats were as 115 to 100. Theſe reſults ſo 
nearly coincide, that the difference may be 
ſuppoſed to have ariſen from unavoidable 
errors in the experiments. It is not im- 
probable, however, that in ſome anunals, the 
exceſs of the comparative heat of the arterial 
above that of the venous blood, may be 
greater than in others. 

From the foregoing experiments we may 
conclude, in general, that the blood which 
paſſes from the lungs to the heart, by the 
pulmonary vein, contains more abſolute heat 
than that which paſſes from the heart-to the 
Jungs by the pulmonary artery. I 


PROPOSITION III. 


The comparative quantities of heat in 
bodies, ſuppoſed to contain phlogiſton, are 
encreaſed by the changes which they undergo 
in the proceſſes of calcination and com- 
buſtion. 


Ta © By 
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By ſome, Philoſophers in the preſent age, 


the exiftence of the principle, which the 
Chemiſts, have termed phlogiſton, has been 


called in queſtion, 


It does not, however, appear that, a 


aA 4. da * 


eyidence has hitherto been adduced which 
will warrant. us in rejecting this principle. 
We ; Know. that Ha A particular ſpecies of com- 


buſtion is produced by the union of inflam- 
mahle. with the purer part of common air. 


We alſo know that inflammable air can be 


212 


obtained from the greater part of combuſti- 
ble. bodies, by expoſing them to heat in cloſe 
veſſels. i Hence. this fluid or its baſig exiſts in 
moſt of thoſe bodies; and as they are not 
found to contain any other principle eſſential; 


* Pg 


to "their inflammation, it follows, thgt in- 
flammable; air or its baſis may juſtly, be conſi- 

dered a as the fame thing with, the phlogiſton of 
the. Chemilts * But it may be doubted 
whether the Chemiſts have not been deceived, 


in ſuppoſing the extrication of this principle 


* Sec Mr. Kirwan's Paper on this ſubject. Philo- 


ſophical. TranſaQtions, Royal Society, London, Gat: * 
p- 195. See allo the treatiſe which has lately been pub- 


liſhed, by the ſame Philoſopher, in defence of the doctrine 
of * 


22 


neceſſary 
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neceſſary in all eaſes to that proceſs, a wall 
as to the proceſs of calcination. 

If there is any. other ſubſtande in nature, 
beſides the inflammable principle, which is 
capable of combining with pure air; and if, 
in conſequence of that combination, the air 
| ſhould ſuddenly ſuffer a great dimifiution in 
its capacity for heat the phenoihena'of flame 
and of combuſtion would be produced. e 

Mr. Lavoſier, who: is the Principal oppo- 
nent: of the doctrine of phlogiſton, ſuppoſes 
thal metals are ſimple ſubſtances, which in 
certain degrees of heat are capable of con- 
tracking an union with pure air, and that by 


this union they are converted into calces. 


That when the calces are again expoſed to 


heat in contact with charcoal, the latter 


combines with the pure air, changing it into 


aerial acid; and thus the air being ſeparated | 
by the ſuperior attraction of the charcoal, the | 
metals are revived. Sulphur and phoſphorus, 
are, in like manner, ſuppoſed to be ſimple 


ſubſtances, which during their combuſtion 
are changed into acids by combining with 

pure air. 
This theory appears neceſſarily to lead to 
the following conſequences, If the inflam- 
mable 


o r 


1 
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mable air, which is produced by the ſolution 


of metals in acids, by that of ſulphur in 


alkalis, and by the expoſure of charcoal to 
heat, be not derived from the metals, the 
ſulphur and the charcoal, but from the 
decompoſition of water, as Mr. Lavoſier 
ſuppoſes, the quantity of inflammable air 
produced in theſe caſes, ſhould not be greater 
or leſs, than the quantity contained in the 
portion of water that is decompoſed. It is 
now generally believed, that the quantity of 
inflammable air contained in water, is nearly 
2. of the whole, the remaining : conſiſting of 
pure air. During the ſolution of metals in 
acids, Mr. Lavoſier conceives that the por- 
tion of the water, which conſiſts of pure air, 
is united to the metallic ſalt, the. portion 
which conſiſts of inflammable air being at 
the ſame time ſuffered to eſcape. When the 
metallic ſalt is decompoſed by a cauſtic al- 
kali, the air that was formerly united to the 
ſalt adheres to the calx, and falls with it to 
the bottom of the veſſel. The weight of the 
precipitate is conſequently greater than the 
original weight of the metal. 
Hence the quantity of water that is de- 
compoſed, admitting the truth of Mr, Lavo- 
ſier's 
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fier's theory, may be determined, for it will 
be greater than the exceſs of the weight of 
the calx above the original weight of the 
metal *, If, therefore, that exceſs be divid- 
ed into five equal parts, and if the weight of 
the inflammable air be equal to one of thoſe 
parts, we may conclude, with much appear- 
ance of probability, that it was wholly derived 
from the water. If it be greater, we may 
thence infer, with certainty, that a part of 
it muſt have been extricated from the metal 
during its ſolution ; and if leſs, it will fol- 
low that the whole of the air united to the 
calx could not have been derived from the 
decompoſition of water. 

It appears, indeed, from Mr. Kirwan's: 
late excellent work on phlogiſton, that the 
hypotheſis reſpecting the decompoſition of 
water, 1s not ſupported by any deciſive ex- 


* Dr. Prieftley's Experiments- prove, that in ſome 
inſtances water is obtained by expoſing the calces of me- 
tals to heat in contact with inflammable air. In thoſe 
caſes the quantity of water that was decompoſed during 
the calcination of the metals, according to Mr. Lavo- 
ſier's Hypotheſis, may be found, for it will be equal to 
the quantity that is reproduced, 


periments ; 
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periments; and, conſequently, that the opi- 
nionitof thoſe who reject thie antient doctrine 
of phlogiſton n on a ye precarious 
foundation. 

As the queſtion, however, calplling the 
exiſtence - of the inflammable principle in 
metals, in charcoal, in ſulphur, and in 
phoſphorus, does not yet ſeem to have been 
determined with ſufficient certainty, 1 ſhall 
not enter into ĩt more particularly at preſent; 
but ſhall endeavour to ſhow that, whatever 
be the nature of the change which bodies, 
ſuppoſed to contain phlogiſton, undergo in 
the proceſſes of calcination and Bn, 
the quantities of their abſolute heat are en- 
creaſed. This will l appear” from the follow. 
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_-.-” Into" a tinned veſſel, and were 5 A 
eee ee hg, 
With this water 18 ounces” of © = 


waſhed diaphoretic antimony - 
. were-mixed at — 49.1. 
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The veſſel containing the mixture was 
placed in the ſteam bath formerly, deſcrihed: 
It reſted on a thin piece of cork which: was 
applied to the bottom of the bath, and its 
mouth was cloſed with a cork to prevent the 
acceſs of the external air. The bath was 
raiſed to the fixed temperature of 10a. 0 

Thee. mixture being agitated ; in ſuch a man- 
ver as: to. brin ing its ſeveral parts nearly to an 
equa, „heat, i in two minutes its temperature 
(as .meaſured. by a cylindrical thermometer 
whi h reached from the ſurface to the bot- 


tom . 2 55 „Dun 827 7 
6 minutes b Rei DRE 
CT 


By ſubſequent trials it was found that the 
agitation given to the mixture diminiſhed its 
temperature nearly. 33 of a degree. Adding 
therefore .33 to 111.75, we have 112.08 for 
the true temperature of the mixture. 

In this experiment the cold antimony was 
introduced into the veſſel containing the 
warm water. The heat imparted by the veſ- 
ſel was equal to that which would have 


been | —_— We 8 15 of - an 'ounce of 
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The water was cooled — 14.92. 
and the antimony heated — 62.58, 
Since, therefore, the antimony cooled 16 
ounces of water, and the veſſel which was 


equal to . 85 of an ounce of water, 14.92 


degrees, it follows that it would have cooled 
16.8 5 ounces of water 14.92 degrees. Hence 
the comparative heat of water is to that of 
diaphoretic antimony, in the compound ratio 
of 14.92 to 62.58, and of 16. 3. to 18, or 
as 4.4 to 1, nearly; | 

As the calx uſed in this ckperiment was 
united to a conſiderable quantity of air, 1 
next endeavoured to expe! the air from it, as 
compleatly as poſſible, by moiſtening it with 
nitrous acid; and expoſing 1t to a red heat, 


agreeably to the method recommended by 


Mr. Scheele. Its comparative heat, after this 
proceſs, was found to be to that of water as 
1 to 6; and the ratio of the comparative 
heat of regulus of antimony wes to that of 
the ſame fluid, as 1 to 15.5. 

By ſimilar experiments, I endeavoured to 
determine the comparative heats of moſt of 
the metals and their calces, the latter being 
examined both when combined with air, and 

| when 
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when in a great meaſure. freed from it by 
means of nitrous acid, and expoſure to 
heat. | 7 

The reſults are comprehended i in the fol- 
lowing table : 
Waſhed diaphoretic antimony 22727 
Waſhed diaphoretic antimony, 

having the air extricated by 

nitrous acid and fire, - .16666 


Regulus of antimony  -— 06451 
Yellow calx of lead having the 

air extricated * - 06802 
Lead - — 103520 
White calx of tin 10869 


White calx of tin, having the | 
air extricated by nitrous acid 


and fire $77 .099009 
Tin — — 070488 
Ruſt of iron — 2 5000 


Ruſt of iron, having the air ex- 

tricated by nitrous acid and 
fire, - - 16666 
Iron - - 12696 
* This calx was obtained from red lead by means of | 


nitrous acid and fire. The comparative heats of the red 
lead and yellow calx were found to be nearly the fame. 


3 Calx 
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E of copper precipitated from 
Dlue vitriol by an alkali, and 
having the air extricated by 
- nitrous acid and fire, - 2272) 
Copper - - 11111 
Braſs — — 11235 
Calx of zinc precipitated from 

— white vitriol by an alkali, and 

having the air extricated by 

nitrous acid and fire, .13698 

Regulus of zinc - 09433 
Water - — I.00000 
By ſimilar experiments it may be proved 


that ſulphur contains leſs abſolute heat than 


the vitriolic acid, and oil leſs than water or 
air“. 

From the following * which were 
ſeveral times repeated with the utmoſt care, 


it appears that alcohol alſo contains leſs 


abſolute heat than water. 


* This appears from Mr. Kirwan's Experiments, 
the reſults of which have been communicated to the 
public, in Mr. Magellan's Treatiſe on Elementary Fire. 
According to theſe experiments the comparative heat of 


water being — — 1. oo 

That of ſulphur is — 0. 183 
Vitriolic acid, of a brown colour, — 0.429 

Linſeed oil —_ — 0.528 
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Air in the oom — 1 garb... 
Nine ounces of powdered-chalk — 
mixed with 103 ounces of ſpirit- 
12 : ofrwing r 5 Ky 
The mixture! being agitated 20 times with 
the thin blade of a knife, and the temperature 
being examined by a cylindrical thermometer. 
which reached from the ee to the 


bottom. ig en ae 
In I minute it was 120.7 9 , 
byrolly „ nes PG, (IE 
aa het % TT n C3. thi 
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I have found that the parts of the mixture 
are moſt ſpeedily brought to a common tem- 
perature when they are agitated by:a thin flat 
ſubſtance. The blade of a knife is well ea F 
culated for this purpoſe. o. 
From ſubſequent trials it appeared, that tho 
heat loſt by the agitation in the courſe of the 
firſt minute was one degree. . Adding: this to 
120.75, we have 121.75 for the true Fu | 
perature of the mixture. DE. 


The ſpirit was therefore l 17. 2 1 ' 
and the chalk heated = 60.75... 


** 
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In the experiment the cold chalk was pour- 
ed into the veſſel containing the warm ſpirit 
of wine; and the capacity of the veſſel being 


equal to that of .7 of an ounce of ſpirit, the 


ſpirit and veſſel were together equal to 10.95 
ounces. The quantity of chalk was nine 


- ounces. Hence the comparative heat of 
chalk is to that of ſpirit of wine, in the 


compound ratio of 17.25 to 60.75, and of 
10.95 to 9, or as 1 to 2.89. The ſpecific 
gravity of the ſpirit uſed 1 in this experiment 


was . 857 | Trae, 
The following experiment was maple with 


ſpirit, the ſpecific gravity of which was 

N by . 

__JFExPERIMENT II. 

Air in the room — ___ 60. 
Nine ounces of powdered chalk at 62.5, 
mixed with 10.25 ounces of 
alcohol at — 139. 
The mixture being agitated 20 times with 
the thin blade of a knife, its temperature, as 
meaſured by a cylindrical ITT, was 


In I minute — 118.75 
2. — — 118.5 
2 — — 118 
4 — — 117. 


 Allow- 


a 
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Allowing one degree for the heat loſt by 
agitation in the courſe of the firſt minute, 
we have 119.75 for the true temperature. 


The daun was therefore 
and the chalk heated 56 degrees. 


The cold chalk was introduced into the 
veſſel containing the warra alcohol ; and the 
capacity of the veſſel being nearly equal to 
that of . 8 of an ounce of alcohol, the ſpirit 
and veſſel were together equal to 11.15 
ounces, The quantity of chalk was nine 
ounces. 

The comparative heat of chalk is therefore 
to that of alcohol in the compound ratio of 
19.25 to 56, and of 11. 1 to 9, or as 1 to 


2.34. 


Ex?ERIMENT III. 

Air in the room — 116007; 7 
Nine ounces of powdered chalk at 62.: 2, 
mixed with 10. 5 ounces * 
water at — 139. 
The mixture being agitated as before 20 
times, and its temperature being meaſured 
by the ſame thermometer that was uſed in 


the former experiments, | 
U 2 — 
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In 1 minute it was = Fires | 
; 3 nne ? 3 13 125 75 


The enpacity of the ve was el to 
that of . 65 of an ounce of water, and the 
heat loſt in the firſt minute was very nearly 
1.2 degrees. Hence by this experiment the 
com ee heat of chalk 1 is to that of water 
as 1 to 4.9. e 

The comparative heat of water is therefore 
to that of alcohol as 3 9 to 2. 34 or as 1. 66 
to I. 

This experiment was repeated as follows: 

Air in the room — 52. 

Atmoſpherical air being contained in both 
tubes of the aerometer, 164 ounces of ſpirit 
of wine (ſpec. grav. . 826) was introduced 
into the tinned veſſel L, and 20 ounces of 
water into R. 


The temperatures of the water and ſpirit 


being very nearly equal, the aerometer was 
heated in the water bath, and immerſed in 
the tinned veſſels, where it was ſuffered to 
remain during 16 minutes; after which be- 
ing removed, and the water and ſpirit being 
agitated for a ſhort time, the former was 


7 rajſed 


- 
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raiſed two degrees, the latter four. By this 
experiment the comparative heat of water is 
to that of the ſpirit as 1.5 to 1. FR 
From the foregoing experiments it ap 
pears, in general, that metals contain leſs 
abſolute heat than their calces, ſulphur leſs 
than the vitriolic acid, and oil and alcohol 
leſs than air or water. Moſt of the metals, 
which were the ſubject of theſe experiments, 
are fixed ſubſtances, no part of them being 
elevated into vapour, in their calcination, ex- 
cept perhaps a ſmall portion of inflammable 
air, which eſcapes during that proceſs. Sul- 
phur, oil, and aleohol, on the contrary, are 
wholly volatile on the application of fire, 
There are other ſubſtances, as wood and pit- 
coal, which, in the proceſs of inflammation, 
are partly fixed and partly volatile. We 
cannot, by comparing theſe ſubſtances with 
their aſhes, determine whether their capaci- 
ties for containing heat are increaſed by com- 
buſtion ; becauſe the aſhes, which are the 
reſult of the combuſtion of a given quantity 
of them, bear a very ſmall proportion to the 
whole. Thus it appears, from the Experiments 
of the learned and ingenious Biſnop of Llan- 
daff, that pit- coal contains one- third of its 
933 weight 
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weight of atrial and liquid matters, which may 
be ſeparated by diſtillation ; that dry heart of 
oak and fallow loſe more than two-thirds of 


their weight in the ſame proceſs, and that 


from 106 pounds Avoirdupoiſe weight of dry 
peeled oak, only 19 ounces-of aſhes were ob- 
tained. It is probable that a much ſmaller 
quantity would be produced by the com- 
buſtion of an equal weight of green oak. 

I have found that the aſhes which were 


obtained from 56 pounds of Newcaſtle coal, 
weighed ſeven pounds fix ounces. Theſe 


aſhes.were not compleatly calcined. 1f they 
had been expoſed to a ſtrong heat, in a cruci- 
ble, it is likely that the diminution in their 
weight would have been much more conſider- 
able. e 

Doctor Prieſtley has proved that charcoal, 
when moiſtened with a little water, and 
heated to a ſufficient degree in cloſe veſſels, 
may be almoſt wholly reſolved into heavy 


inflammable air; a fluid which conſiſts part- 


ly of light inflammable air, and partly either 


of fixed air or of a ſubſtance that may be 
conſidered as its baſis. 


If, therefore, the capacities of wood and 
* be found by experiment to exceed 
thoſe 
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thoſe of their aſhes, we cannot from hence 


infer that the capacities of thoſe ſubſtances 


are diminiſned by combuſtion. For it has 
been proved that the fixed matters in wood 
and pit- coal are combined with a large pro- 
chiefly of pure or of fixed air and water; 
and it appears, from experiment, that com- 
pounds, which conſiſt of theſe elements, 
united to principles that reſiſt the force of 
fire, have a greater capacity for heat than 


the latter in their uncombined ſtate. We 
find, for example, from the foregoing table, 


that the calees of metals, when they are 
ſaturated with air, contain more abſolute 
heat than the ſame ſubſtances, when the air 
is in a great meaſure extricated by nitrous 
acid, and expoſure to fire. 

I have alſo found that. . more 
abſolute heat than quicklime. 

In order to determine the quantities of 
abſolute heat in chalk and quicklime, I had 


recourſe to alcohol as a ſtandard. For the 


comparative heat of quicklime could not be 
aſcertained with accuracy by making water 
the ſtandard, as theſe ſabſtances, when mixed 


together, produce much ſenſible heat; but 


W4 when 
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when quicklime is mixed with alcohol, the 
heat produced during the firſt minute, is ſo 
ſmall as not materially” to effect he: reſult of 
the experiment. 1770 

The comparative heat ah qu ae a 
determined by this method, will : en, * 


the g ener trials. 40 20 
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Air in the om — 62.5. 
Eleven ounces of e quick- 1761 
lime at — 1 128 
mixed with 10.25 ounces of al-. 
cohol alt * 
The mixture being agitated vith the thin 
blade of a knife 20 times, its temperature 


In I minute was — 119. FP 
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The ſpecific gravity of the alk uſed in 
' theſe experiments. was . 784. Hence it ap- 
pears, that more ſenſible heat is produced by 
mixing quicklime and alcohol when the lat- / 
ter is at a high temperature, than by mixing 
them when both are at a low temperature. 
It alſo appears, that, in the former inſtance, 
the quantity of ſenſible heat produced in- 
_ creaſes or a certain length of time, until! it 
| arrives 
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arrives at a maximum, after which it begins 
to dimaniſh *, _ 


Allowing + of a degree for the ſenſible heat 


produced by the mixture, and one degree for 
that which was loſt by the agitation, we have 
Z of a degree for the abſolute quantity of 
heat ſeparated in the courſe of the firſt mi- 
nute. This being added to 11975 gives 120 
for the true temperature of the mixture. 
The capacity of the veſſel wa equal to that 
of .8 of an ounce of alcohol, the alcohol and 


veſſel were therefore equal to 11.05 ounces; 


the alcohol was cooled 19 degrees, and the 


quicklime heated 53.8. The comparative 


heat of quicklime is, therefore, to that of 
alcohol in the compound ratio of 11.05 to 
11, and of 19 to 53.8, or as 1 to 2.8. 

It was before ſhown that the comparative 
heat of chalk is to that of alcohol, as 1 to 
2.34. Hence the Ware ene hegt of chalk 


| ® It i is — chat ihe produdlion. of ſenſible hea 
| increaſed for a certain length of time in the above ex- 
periment. For though the aſcenſion of the mercury in 
the thermometer was equal during ſeveral minutes, yet as 
the temperature was augmented, the quantity of heat car- 
ried off by the air, in a given time, was continually 
encreaſing. 

exceeds 


\ 12 er 
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e that of quicklime 1 in the proportion 
of 2.8 to 2.34, or in that of 1.15 to r.. 

Mr. Kirwan has proved that the mild 
volatile alkali contains more abſolute heat 
than the cauſtic. From the Experiments of. 
this Philoſopher it alſo appears, that the 
dephlogiſticated nitrous and vitriolic acids 
have more abſolute heat than the fame acids 
when they are not dephlogiſticated; and it is 
very probable that the dephlogiſtication of 


thoſe acids artfes from the ſeparation of in- 


flammable, and the abſorption of pure air. 
It moreover appears by experiment that the 
vitriolic acid, which probably derives its 
fluidity from water, contains more abſolute 
heat, when 1t 1s combined with a large pro- 
portion of that fluid, than when it is united 
to a ſmall proportion of it. 

Hence we may conclude, in general, that 


when ſubſtances, which reſiſt the force of 


fire, are united to pure air, aerial acid, or 
water, the capacity of the compound is greater 
than that of the fixed ſubftance, in its un- 


combined ſtate; and that the exceſs of the 


capacity of the compound, above that of the 
fixed ſubſtance, is, in ſome meaſure, Propor- 


tional 


9 C3 a - _ - 
. + ak 5 = 
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tional to the quantity of the fluids with 
| which the latter is combined. 
If this be admitted, it will follow that the 


capacities of wood and pit- coal, which are 


compounds conſiſting of fixed elements united 
to a large proportion of aerial and aqueous 
particles, muſt neceſſarily be greater than 
thoſe of the fixed parts that remain after 
theſe ſubſtances have been reſolved into their 


principles by combuſtion *. 


1 have endeavoured, by a variety of F trials, 


to aſcertain the comparative heats of wood, 
of pit-coal, and of their aſhes. 

In the following table I ſhall give the 
reader a brief view of the reſults: of * 
trials. 


Duſt of the pine tree — Foo 


Char coal — — 26315 
Aſhes of the ſame charcoal — ,09090 
Aſhes of the elm tree —  _.1402g5 
Pit-coal = — 27777 
Cinders - — — 19230 
Aſhes of cindertrs — 18552 


It is proper to obſerve, that the aſhes of vegetables 
are alſo combined with a portion of air and water. But 
the quantity of thoſe fluids, which is contained in the aſhes, 
is much ſmaller than that which exiſted in the — 
previouſly to their combuſtipn. 


In 
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Tn makin g theſe experiments, theſolid body, 
reduced to a fine powder, was raiſed in a 
flight tinned iron veſſel to the temperature 
of 139 the cold water was then ſuddenly 
poured upon it, and the veſſel was placed in 


ſuch a ſituation, that the ſurrounding air 


ſhould have nearly the ſame temperature with 
the mixture. Different parts of the ſame 
room were choſen for this purpoſe ; the wa- 


ter, before it was mixed with the ſolid, being 


placed in the colder part of the room, and 
the mixture in the warmer. | 
By this contrivance the loſs of heat ariſing 
from the agitation, which was neceſſary to 
bring the parts of the mixture to a common 
temperature, was ſo ſmall as to produce a 


very flight inaccuracy in the experiment. 


- As the experiment were made in the winter 
ſeaſon, a ſufficient variation of temperature 
was readily obtained in the ſame room, be- 
cauſe the heat communicated by the ſolid to 
the cold water was not very conſiderable. 

The ſolid was raiſed to the deſired tem- 
perature by placing it in the ſteam bath 
formerly deſcribed ; and the heat of the mix- 
ture was meaſur ed by a thermometer. that 
1+ had 


— — — 
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had each degree of F arhenheit 8 ſcale divided 
anto ten equal parts. 
The trials, from which the reſults contain- 


eld in the foregoing table have been calculated, 


do not exactly correſpond with ſome experi- 
ments which were formerly communicated to 


the public on the ſame ſubject. But as they 
were ſeveral times repeated with great care, 


and were made in circumſtances which admit 
of a conſiderable degree of accuracy, I can- 
nat help thinking f that they approach near to 
the truth. 


Theſe nene prove that wood and 


pit- coal have more abſolute heat than their 
aſhes. We cannot however, as was before 
obſerved, infer from hence that the capacities 
of thoſe ſubſtances are diminiſhed by com- 
buſtion, nor indeed can we conclude that the 


capacities of the fixed matters which they 


contain are diminiſhed by that proceſs. Not- 


withſtanding the above experiments, it is 


poſſible that the fixed matters in pit-coal and 
vegetables, may have a leſs capacity for heat 


vhen they exiſt in thoſe ſubſtances as conſti- 


tuent principles, than they have during their 
ſubſequent exiſtence. in the ſtate of aſhes. 


Thus, if we Conceive the capacities of the 


3 earthy 
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rthy and alkaline principles which exiſt in 
dry oak to be to that of the oak as 1 to 10, it 
will follow: that the capacities of theſe princi- 
ples are nearly doubled when they acquire the 
form of aſhes in the proceſs of combuſtion, 


becauſe it is found that the ratio of the capa- 


city of the afhes, produced by the burning 
of oak, is to that of the oak iticlf as 1 to 5. 
If, however, we ſuppoſe, contrary to ana- 
logy, that the capacities of the aſhes of pit- 
coal and vegetables are diminiſned by com- 
buſtion; yet it is manifeſt that the ſum of 


the capacities of the principles, into which 


thoſe ſubſtances are reſolved hy that proceſs, 
is increaſed. For fixed bodies, as was before 
ſhown, have a leſs capacity for heat than 
pure air, aerial acid, or water. When theſe 
ſubſtances enter into a chemical union with 
each other, it is very probable that the capa- 
cities of the fixed parts are increaſed, and that 
thoſe of the volatile parts are diminiſhed. 

We cannot, therefore, ſuppoſe that the fixed 

principles, which enter into the compoſition 
of wood, have a greater capacity for heat than 
the compound which conſiſts of thoſe princi- 
ples combined with air and water. Let the 

capacities of the fixed principles be conceived, 
bh | for 
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forthe ſake of argument, to be equal to that 
of the compound. It has been ſhown that 

the capacity of dry oak is nearly five times 

greater than that of its aſhes. Hence it will 
follow, upon this ſuppoſition, that the fixed 
parts in dry oak, when they are changed into 


aſhes by combuſtion, undergo, a diminution 


of capacity as 5; but it was proved that the 
fixed principles in dry oak compoſe not more 
than r of the whole, the remaining 83 parts 
being, in the proceſs of combuſtion, reſolved 
into air and water. During this proceſs the 
water is raiſed into vapour, and the air is ex- 
panded into a permanently elaſtic fluid. The 
capacities of the air, and of the aqueous 
vapours, which are thus öbtained, are at leaſt 
four times greater than that of dry oak. Con- 
ſequently, when this ſubſtance i 18 reſolved into 
its principles by combuſtion, there is, in one 
part, a diminution of capacity as 5, and in 
83 parts, an increaſe of capacity as 4; whence 


it appears that the ſum of the capacities of 


the principles into which dry. oak is reſolved 
by that proceſs, is greatly increaſed. The 


fame reaſoning will apply to the changes in 


the capacities of the elements derived from 


ale 
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the combuſtion of other ſpecies of wood, as 
well as of pit-coal. 

Hence we may conclude, in . that 
the comparative heats of bodies, ſuppoſed to 
contain phlogiſton, are increaſed by the pro- 
ceſſes of calcination and of combuſtion. 

It follows, that when an inflammable body 
is deprived of its power of ſupporting flame, 
by the proceſs of combuſtion, it abſorbs a 
quantity of abſolute heat; and when, by a 
contrary proceſs, it again recovers its inflam- 
mability, an equal quantity of heat is detach- 
ed. The calx of copper, for example, con- 
tains nearly twice as much abſolute heat as 
copper. When, therefore, by expoſing it to 
the action of fire, in contact with inflam- 
mable ſubſtances, the calx is revived, it will 
loſe one half of its abſolute heat; and, on 
the contrary, when the copper is again cal- 
cined, the calx will recover the heat which it 
had formerly loſt. 

From the foregoing obſervations and ex- 
periments it appears, that the capacities of 
bodies are diminiſhed by their union with in- 
flammable. air, and increaſed by its ſepara- 
tion. Pure air, for example, by its union 


with that-principle, is converted into water, 
Ss and 
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and therefore its capacity for heat is diminiſh- 
ed. The experiments of Mr. Kirwan prove 
that the capacity of the vitriolic acid is alſo 
diminiſhed by phlogiſtication, and it is well 
known that this effe& is produced by its 
union with inflammable air, or. with ſub- 
ſtances containing that principle. It has 
moreover been ſhown, that by the peculiar 
_ combination of the heavy inflammable air 
with earth, and with water, in vegetables, 
and in pit- coal, the capacity of the com- 
pound for heat is diminiſhed. 

Hence we may conclude, in general, that 
bodies have their capacities for heat leſſened 
by their union with inflammable air, and that 
when this prineiple is again detached, the 
elements, into which the body is reſolved, 
have their capacities for heat increaſed ; from 
which it follows, that in the former inſtance 
a quantity of heat will be ſeparated from the 
body, and in the latter an equal quantity 
abſorbed. In this point of view the ſepara- 
tion of heat from a body, by means of the 
inflammable principle, and the re-abſorption 
of it, when that principle 1s again diſengaged, 
ſeems to be analogous to the ſeparation of 
fixed air from earths and alkalis by means of 

an 
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an acid; and the re- union of theſe ſubſtances 
with this fluid when the acid is ſeparated: if 
the vitriolic acid for inſtance be added to a 
mild alkali, the fixed air will be extricated, 
and will fly off in the form of an elaſtic 
vapour; if the inflammable principle be added 
to pure air, a portion of the abſolute heat 
will be ſeparated, and will fly off in the form 
of ſenſible heat; when the acid is again ſepa- 
rated from the alkali, the latter recovers the 
fixed air which it had loſt, and when the 
inflammable principle is again diſengaged 
from the pure air, the air re-abſorbs the heat 
which had formerly eſcaped from it. 


'PRoPosITION IV. 


When an animal 1s placed in a warm me- 
dium, the colour of the venous blood ap- 
proaches more nearly to that of the arterial, 
than when it 1s placed in a cold medium; 
the quantity of reſpirable air which it phlo- 
giſticates, in a given time, in the former in- 
ſtance, is leſs than that which it phlogiſti- 
cates, during an equal ſpace of time, in the 
latter; and the quantity of heat produced, 
when a given portion of pure air is altered by 

| X 2 the 


i 
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the reſpiration of an animal, is nearly equal 


to that which is produced when the ſame 


quantity of air 1s altered by the Wenne of 
wax or charcoal. 

That the difference between the colour of 
the venous and arterial blood, in a living 


animal, is diminiſhed by expoſure to heat, 


and increaſed by cold, appears from the fol- 
lowing * 


EXPERIMENT I. 


A dog, at 102, was immerſed in water at 


114; ſo much of his head being uncovered 


as to allow him a free reſpiration. 
In 5 minutes the dog was 108, water 112 
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11 dog 108, water 11.2, 
the reſpiration having become very rapid. 

13 dog 108, water 112, 


the reſpiration being ſtill more rapid. 


In half an hour the dog was 109, water 
- 1 nd 


ftate. 
Small quantities of blood being drawn 
from an artery, and from a contiguous vein, 
1 the 


The animal was ther 3 in a "ry languid 
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the venous blood was found: to have under- 
gone a remarkable change of colour. For 
in the natural ſtate, the colour of the venous 
blood is a dark modena red; and that of the 
arterial a light ſcarlet. But after the animal, 
in the experiment in queſtion, had been im- 
merſed in warm water for half an hour, the 
venous blood aſſumed very nearly the hue of 
the arterial, and reſembled it ſo much in ap- 
pearance, that it was difficult to diſtinguiſh. 
between them. 

It is proper to obſerve that the n 
which was the ſubject of this experiment, 
had been previouſly weakened by loſing a 
conſiderable quantity of blood a few days 
before. When the experiment was repeated 
with dogs, which had not ſuffered a ſimilar 
evacuation, the change in the colour of the 
venous blood was more gradual ; but in every 
inſtance in which the trial was made, and it 
was repeated fix times, the alteration was ſo 
remarkable, that the blood which was taken'in 
the warm bath, could readily be diſtinguiſh- 
ed from that which had been taken from the 
ſame vein before immerſion, by . thoſe who 
were unacquainted with the circumſtances or 
motiyes of the experiment. 

X 3 = 
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To diſcover whether a ſimilar chan ge would 
. be produced in the colour of the venous blood 
in hot air, a dog, at 102, was placed in air 
at 134. In 10 minutes the temperature of 
the dog was 104, that of the air being 130. 
In 15 minutes dog 106, air 130. A ſmall 
quantity of blood was then taken from the 
jugular vein, the colour of which was ſenſi- 
bly altered, being much lighter than in the 
natural ſtate. N 

I next endeavoured to aſcertain the effect 
produced upon the colour of the venous 
blood, in a living animal, by expoſure to 
cold. To deterinine this, a dog, at 100, 
was immerſed in water at 45. In about a 
quarter of an hour a few ounces of blood 


were taken from the jugular vein, which was 


evidently much deeper in its colour than that 
which had been taken in the warm bath, and 
appeared to me, as well as to ſeveral other 
Gentlemen who aſſiſted in the experiment, 
to be the darkeſt venous blood we had ever 
ſeen. 

From the foregoing 3 we may 
conclude, that when an animal is placed in a 
cold medium, the venous blood aſſumes a 

much 
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much darker hue than when it 1s placed i in a 
warm medium. 

Theſe experiments ſeem to cali the 
following opinion, which was firſt ſuggeſted 
by my very ingenious friend Mr. Wilſon, of 
Glaſgow. Admitting that the ſenſible heat 
of animals depends upon the ſeparation of 
abſolute heat from the blood, by means of 
its union with the phlogiſtic principle in the 
minute veſſels, may there not be a certain 
temperature at which that fluid is no longer 
capable of combining with phlogiſton, and at 
which it muſt of courſe ceaſe to give off 
heat ? 

The following experiments prove that the 
air expired from the lungs of an animal, is 
more phlogiſticated 1 in a cold than! in a warm 
medium. | 


ExPERIME NT II. 


The air in the room being at the tempera- 
ture of 61, a ſmall Guinea pig was placed 
on a ſtand in an inverted glaſs jar that con- 
tained nearly five pints of common air, and 
was ſurrounded with water at 351. It was 
ſuffered to remain in this ſituation 42 mi- 
X 4 nutes, 
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nutes, when it diſcovered ſigns of great un- 
eaſineſs: being removed from the j Jar, it fell 
into convulſions, but ſoon recovered, The 
air in the jar was then tried by mixing two 
meaſures of it with one of nitrous air, and 
the meaſures of the teſt were found to be 
2.71 nearly; which ſhowed that it was a- 
bout + as Pure as common air. 


* 


EXPERIMENT III. 


A Guinea pig of nearly the ſame ſize being 
placed in the ſame jar, containing common 
air as before, and ſurrounded with water at 
104, expired 1 in 42 minutes nearly. 

The air in the jar being then tried by 
mixing two meaſures of it with one of 
nitrous air, the teſt was a little more than 


2.5, or it was nearly half as pure as com- 


mon air. The phlogiſtication of the air, in 
the firſt experiment, was, therefore, twice 


as great as in the ſecond. 


Hence it appears, that the degree of purity 
in the air, neceſſary to the rer of life, is 
greater when an animal is placed i in a warm 


than 1 in a cold medium ; for in the ſecond 


255 ment the animal ſurvived, though the 


purity 
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purity of the air was diminiſhed three- 
fourths. In the laſt, it. was only diminiſhed 
one half, and yet the animal expired. 
It may likewiſe be proper to remark, that 
the ſymptoms of uneaſineſs diſcovered in the 
former experiment were much greater than 
in the latter. The eye in particular, in the 
one caſe, ſeemed to be much ſwoln, and be- 
came dim and languid; in the other, it re- 
tained its brightneſs to the laſt. 1 
As it might be ſuſpected that the ſuperior 
purity of the air, in the latter experiment, 
did not ariſe from its having been reſpired at 
a higher temperature, but from ſome latent 
difference in the animals, the trials were re- 
peated : as follows. 2 


EXPERIMENT IV; 


A ſmall Guinea pig was placed in an in- 
verted jar, containing nearly five pints of 
common air, which was ſurrounded with 
water at 46. 5. The animal was ſuffered to 
remain in this ſituation 36 minutes, during 
which time it did not diſcover ſigns of much 
pneaſineſs. The air in the jar being then 
T "exam 
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examined by means of nitrous air, the teſt 


was found to be 2.5, or it was one half as 


Das as common air. 


EXPERIMENT V. 


On the enſuing day the ſame Guinea pig, 
apparently in perfect health, was placed in 
the ſame jar ſurrounded with water at 102. 
It was removed at the end of 36 minutes 
without appearing to have received any in- 


jury. The air which remained in the jar 


being then examined by nitrous air, the 78 
was found to be 2.2, or it was nearly 2 
pure as common air. 

As it might be imagined that, in theſe 
trials, a fallacy aroſe from the expoſure of 
the animal, in the firſt inſtance, to- cold, 
and in the ſecond to hot air, the experi- 
ments were reverſed as follows. 


EXPERIMENT VI. 


A ſmall Guinea pig was placed in the fame 
jar that was uſed in the former experiments. 
The jar was filled with common air as be- 
fore, and ſurrounded with water at 102. 

The 
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The Guinea pig being removed at the end of 
36 minutes, and the air in the jar being 
examined by nitrous air, the teſt was 2.3 
nearly. 


EXPERIMENT VII. 


The ſame animal, on the enſuing day, ap- 
pearing to be in perfect health, was ſuffered 
to remain 36 minutes in the ſame jar, con- 
taining alſo common air, and ſurrounded 
with water at 52. The air being then exa- 
mined as before, the teſt was 2. 5. 

From theſe experiments it appears, that 
when an animal is placed in a cold medium 
the quantity of air which it phlogiſticates, 
in a given time, is greater than when it is 
placed in a warm medium. 

The following apparatus was contrived 
with a view to determine the quantities of 
heat produced, when given quantities of air 
were altered by the burning of combuſtible 
bodies, and by the reſpiration of animals. 
See plate IV. fig. 1. 

AC repreſents a triple veſſel made of tin- 
ned iron, and conſiſting of an exterior veſſel 
AB CP, 16 inches wide, and 19.4 deep; a 

middle 
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middle veſſel e /g b, 114 wide, and 13: deep; 
and an interior veſſel bc l. 9 wide, and 
101 deep. | 

The middle veſſel is pe by a cir- 
cular plate of iron, at the diſtance of 2.7% 
inches from the bottom of the exterior veſ- 
ſel; and the diſtance of the cylindrical ſur- 
face of the exterior, from that of the middle 
veſſel, is alſo 2.75 inches. The ſpace be- 
tween theſe veſſels is ſtuffed with fine down. 

The interior veſſel is ſupported by the 
pipes bf; i g, at the diſtance of . 875 of an 
inch from the bottom of the middle veſſel, 
and this is likewiſe the diſtance of the cylin- 
drical ſurfaces of the veſſels from each other. 

The ſpace included between theſe veſſels is 
occaſionally filled with water. 

In the upper ſurface of the interior veſſel 
there is an aperture five inches wide. To 
this aperture is ſoldered a flat ring of braſs 
þ 1, which is covered by a plate of the ſame 
metal, the ſurface of the latter being adjuſt- 
ed to that of the former, with ſuch accuracy, 
that, when they are ſcrewed together, a piece 
of leather being interpoſed between them, 


they become air tight. 


In 
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In the centre of the braſs plate there is a 
circular cavity an inch and a half wide, in 
which a thin plate of glaſs is cemented. By 
means of this glaſs the light of an inflamed 
body, placed in the centre of the apparatus, 
becomes viſible, and the focus of a lens may 
be occaſionally directed through it into the 
interior veſſel. : 

It was before obſerved that the interior 
veſſel reſts upon the pipes bf, ig. Theſe 
open into it at the points Y and 1. The lat- 
ter being bent upward, extends along the in- 
terior ſurface of the middle veſſel, and when 
it has arrived at the point 2, it is again bent 
at right angles, and terminates at #7. To 
this extremity is ſcrewed the crooked pipe 
VZ, which is fixed by cement to the in- 
verted jar E F, the latter being ſupported in 
the tub G H by the croſs bar YO. The 
communication between the jar E F and the 
interior veſſel may be occaſionally interrupt- 
ed by the ſtop cock V. ; 

The pipe hf extends along the oppoſite 
ſide of the middle veſſel as far as the point e, 

where it is alſo bent at right angles, and 
terminates at 2, in a conical braſs pipe, which 
enters into a ſimilar pipe at the extremity of 


the 
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the crooked tube R U. Theſe pipes are 
ground together with ſuch accuracy as'to be 
air tight. They are cloſely applied to each 
other by means of a ſcrew. 

The extremity R, of the crooked tube 
UR, is cemented into the neck of the in- 
verted jar I K, which 1s placed in the tuh 
LM; and a fecond crooked tube 8 T paſſes 
from the neck of the ſame jar into the tub 
PQ, where it terminates under the inverted 
jar N O. 

When an experiment is to be made with 
this apparatus, water is introduced into the 
tub G H till it riſes a little above the croſs 
bar Y O, on which the inverted jar E F reſts. 
The ſubject of the experiment 1s introduced 
into the interior veſſel a c, and the aperture 
E] is covered by the braſs plate, which is 
ſcrewed down 1n ſuch a manner as to be air 
tight. The ſpace included between the mid- 
dle and interior veſſels is filled with water, 
and the upper ſurface of the exterior veſſel is 
cloſely covered with a thick cuſhion, ſtuffed 
with fine down. 

The inverted jar I K, and the tub LM, 
are filled with water, and likewiſe the tub 
F * and the inverted jar N O. The cock 

1 U being 
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U being ſhut, and V open, the diminution, 
which is produced in the air by the animal, 
or by the burning body, is meaſured by the 
riſing of the water in the jar E F. 

The quantity of heat produced is deter- 
mined by the increaſe of temperature in the 
water that ſurrounds the interior veſſel; and 
the eſcape of the heat from that fluid is pre- 
vented by the down with which it is en- 
compaſſed. | | 

The purity of the air in the interior veſſel 
is examined as follows : The cocks V and T 
are ſhut, and U opened. A part of the 
water is removed from the tub LM, in 

conſequence of which the water in the jar 
IK deſcends by its gravity ; and in deſcend- 
ing it draws a portion of air from the in- 
terior veſſel ac. The cock U 1s then ſhut, 
and T opened, and the water being returned 
into the veſſel L M, the air is forced by its 
preſſure from the jar IK into the jar N O, 
whence it is introduced into the eudiometer. 

With this apparatus I made the following 
experiments. 


E x- 
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ExPERIME NT VIII. 


The barometer being 30.4, and the air in 
the room 67.5, a quantity of water weigh- 
ing 31 pounds, ſeven ounces Troy, was taken 
at the temperature of 67.65; the ſpace in- 
cluded between the interior and middle veſ- 
ſels was filled with a portion of this water to 

ſuch a height, that the upper furface of the 
fluid was nearly on a level with the mouth of 
the interior veſſel. A ſmall wax taper, which 
had been accurately weighed, was then light- 
ed, and inſtantly placed in the centre of this 
veſſel; the mouth of which was now covered 
with the braſs plate, and the remaining part 
of the water was introduced. The ſurface 
of the latter roſe nearly one inch above 
the interior veſſel. The mouth of the ex- 
1 terior veſſel was covered with E cuſhion of 
$8 down. 
1 Beefore this experiment was made the jars 
' || EF and IK had been ſeparated from the 
= veſſel A C, and the nozle of a pair of bel- 
| lows had been fixed by means of a ſcrew to 
= the extremity of the pipe 2 m, Freſh air was 
= thus introduced into the interior veſſel, and 
the 
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the vitiated air eſcaped through the pipe 4 F. 
By this contrivance the taper was kept in a 


ſtate of inflammation for half an hour, when 


the experiment was diſcontinued. 


The water, in the courſe of the experi- 


ment, was, at ſhort intervals, gently agitated 
by a wooden rod for the purpoſe of render- 
ing the diffuſion ' of the heat uniform; and 
the temperature of the air in the room was 


augmented nearly in the ſame degree with 
that of the water. The heat of the water 


was meaſured by a thermometer, that had 
each degree of Farhenheit's ſcale divided into 
ten equal parts. 


At the end of the- experiment the ther- 
mometer, in the water, ſtood at 69.75, the 


air in the room being 69.5 nearly. The 
loſs of __ in the Wax. taper was 26 


grains. 
Thus it appears, that by the cembeliion 


of 26 grains of wax, the temperature of 31 
pounds ſeven ounces 5'of 1 water way raiſed 2.1 


degrees. 


To diſcover 3 much air was altered 1 


the combuſtion of this quantity of wax, I 
made the following experiment. 


R 


* 
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* 
Exyzniment IX. 


"0 large tub was filled with "Is water, 
A piece of cork, which had a portion of the 
fame wax taper that was uſed in the foregoing 
experiment fixed in its centre, was made to 
ſwim on the ſurface of this water. Four 
narrow fhps of thin paper, applied to each 
other by their flat ſurfaces, were tied to the 
upper extremity of the taper, being of ſuch 
a breadth as to ſurround one half of the 
wick. A ſmaller number of flips than four 
did not furniſh a ſufficient heat to kindle 
it; and it was found that the wick could 
not readily be inflamed unleſs a part of its 
ſarface were expoſed to the air. The flips were 
made very dry by pi eſſing them with a hot 

iron. They weighed a little leſs than a grain. 
"Over this taper a large cylindrical glaſs 
veſſel was inverted, which | had a ſcale of 
equal parts affixed to it. A tube of a 
_ conſiderable length, that was nearly bent 
double, had one of its extremities introduced 
into the inſide of this veſſel, the other ex- 
tremity riſing | above the ſurface of the water 
on the outſide, The veſſel was now preſſed 

| into 
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into the water, and the greater part of the 
air which it contained eſcaped through the 
tube, which was then withdrawn, and pure 
I dephlogiſticated air introduced in ſuch quan- 
| _ tity, that the ſurface of the water, in the 
inſide of the jar, ' ſtood at the dachte tan 
inches from its inverted mouth. | | 
For the purpoſe of e the height 
of the water with greater exactneſs, the jar 
was removed from the tub, and was placed ; 
upon a table in a ſhallow veſſel, the depth | 
of which was little more than three inches; 
by this means the eye could be brought near- 
ly to the ſame level with the point which was 
to be obſerved, and the ſurface of the water 
was rendered diſtinct by the reflection of the 
light from the bottom of the veſſel. When 
this obſervation was made, one candle was 
placed behind the jar, and another before it; 
c by the latter, the diviſions of the ſcale were 
I illuminated, and by the former, the light was 
thrown upon the ſurface of the water. 


- It is proper to obſerve, that when the point 
| at which the water ſtood was marked, the 
: fluid, which ſurrounded the outſide of the 
0 jar, was raiſed to the ſame height with that 
& in the inſide, in conſequence of which the 


Y 2 air 
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air in the jar had the ſame denfity with the 
external air; and the jar was kept in an 
horizontal poſition by means of a ſpirit level, 
The point at which the water ſtood in the 
jar being thus accurately determined, the 
taper was then inflamed by throwing the 
focus of a lens upon the ſlips of paper that 
were fixed to its upper extremity, and was 
allowed to burn until the air in the jar was 
fo far vitiated, as to be no longer capable of 
ſupporting the inflammation. It was now 
removed from the jar by making it to pats 
under the ſurface of the water, and having 
been carefully dried, it was weighed, when it 
was found to have loſt eleven grains. The 
air in the jar was then introduced into large 
bottles, which were half filled with lime 
water, and being agitated until the fixed air 
was abſorbed, the reſiduum was returned in- 
to the jar, which was placed in a veſſel near- 
ly three inches deeper than that formerly 
uſed, and the ſurrounding water being 
brought to a level with that in the jar, the 
internal ſurface ſtood at 5.75 inches. The 
diminution of the air was, therefore, ſuch 
as to raiſe the water from 3 to 5.75, or 2.75 
inches. The quantity of water which occu- 
pied 
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Hence the quantity of pure air, altered by the 


combuſtion of eleven grains of wax, was 41. 25 
ounce meaſures, or 78.2 cubic inches; and 
conſequently, the quantity of air changed by 
the combuſtion of 26 grains of wax, was 97.5 


- ounce meaſures, - or 184. 84 cubic inches. 


When this experiment was made the thermo- 


meter, which meaſt 855 fs heat of: the air 


in the room, was At 8 = PICTES p 70 1 
The barometer At „ 3 


ey is of importance \ that the portions of 
wax employed in theſe experiments, ſhould 


reſemble each other as nearly as poſſible in 


their purity; and, therefore, parts of the ſame 
taper were uſed in both experiments. When 
the trials were repeated with different tapers, 
a variation was obſerved in the reſults : thus 
I found that when a ſpecies of wax, ſome- 
what purer than that employed in the fore- 


going experiments, was inflamed in the above 
deſcribed apparatus, and was ſuffered to burn 
until the water was raiſed 2. 15 degrees, the 


loſs of Wogan 2 in the wax was only 22:5 


grains. 


6.75 grains of thin wax bag ame in 


dephlogiſticated air, the diminution of the 


EY + latte 
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latter was nearly 30 ounce meaſures Troy, 


which gives 100.7 ounce meaſures for the 


quantity of air altered * mann op 


F K 1 11 : f $ $-*5 * Sf} 4 0 * 1 Aist 1 : F #1! & ; # 
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To determine the unity wy heat pro 


abe, by an animal, a Guinea pig was in- 


troduced into the centre of the interior veſſel 
deferjbed above, which Was ſurrounded by 
31 pounds ſeven ou ed of water, at 


the temperature of 1 b ole "6 


In half an hour the water being : 

brought by-agitation to an 
1 _ its pans) 1555 
ture was Sit 25 

In an hour it was 1 


In an hour and a half 115 her n ha 75 j 


A eee hours: 4 1 168. 
The heat of the: air in the room at * 
beginning of the exper iment was 62; and 
its temperature was augmented nearly in the 
Jarge degree with that of the water. 
Hence the heat imparted to the water by 


the anal in- two hours was 10 degrees by 


, my 
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my thermometer, or one degree by Ba 
berni. 8 

The quantity of air dag by the reſpira- 
tion of the animal, in that 2 was cher 
OY as follows. 


510 = ExyBRIMENT XI. 
Fart I. (fe plate 4, fig. 2.) 


The fame Guines pig was in troduced inte 
che glaſs jar A B, which was inſtantly in- 
verted over water in the tub CD, and was 


made to reſt upon the croſs bar E F, the 


animal being ſupported by the ſtand G H. 
One extremity I, of the crooked tube 
KLMNO, was made to paſs through the 


croſs bar E F into the jar A B, where it roſe 


a little way above the ſurface of the water: 


the other extremity. P terminated under the 


mouth of the inverted jar Q R, which was 
filled with water, and was ſupported by a 
_ croſs bar in the tub ST. As ſoon as the 
jar AB, containing the animal, was inverted 
over the water, a greater quantity of that 
fluid was introduced into the tub, by the 
preſſure of which a part of the air was forced 
"4 From the jar through the crooked tube, and 
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.. was received in the veſſel QR. The animal 
was ſuffered to remain in the jar 35 minutes; 
it was then removed by making it to . 
under the ſurface of the water. 

The air in the jar AB was FRY in 
large bottles with lime water until the fixed 
air was abſorbed, and likewiſe that which 
had been received in the veſſel QR. The 
whole was then returned into the veſſel A B, 
and the height of the water being determined 
with the precautions mentioned above, it was 
found to ſtand at 3.312 inches. When this 
experiment was made the air in the room 
was - +7 14 _- Sag. 

The barometer 1 i= 730. 
In the experiment m relates that 
was made with a view to Feiermine the 
quantity of air altered by the combuſtion of 
wax, the thermometer was at 70, 
the barometer at ' >; {iis 30.4. 
The variation in the heights of the baro- 
meter, in theſe experiments, was therefore 

of an inch. Hence, if the temperature 
of the air in both inſtances had been the 
ſame, the denſities would have been as 76 to 
753 and conſequently the bulk of the air in 
Experiments VIII. and IX. in order to re- 
| duce 
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duce it to the ſame denſity with the air in 
the Xth Experiment, muſt have been in- 
creaſed Ir of the whole, or 1.3 ounce mea- 
ſures. But the temperatures varied from 
each other by 7. 5 degrees. Suppoſing the air 
to be expanded t Of its bulk by one degree 
of heat, it follows, that if the heights of the 
barometer had been the ſame, the denſities 
would have been as 64 to 65 nearly; or the 


bulk of the air in the preceding trials, in 


order to reduce it to the ſame denſity with 
the air in the laſt experiment, muſt have been 
diminiſhed by x of the whole, or 1.4 ounce 
meaſures. It was before ſhown that it muſt 
be increaſed 1.3 ounce meaſures on account 
of the difference in the heights of the baro- 
meter. If, therefore, in thoſe experiments 
the barometer had ſtood at 30, and the ther- 
mometer at 62.5 ; the bulk of the air changed 
by the combuſtion would have been 97-5 + 
1.3 — 1.4, or 97:4 ounce e meaſures. | a 


EXPERIMENT XI. Part II. 
The Guinea pig being introduced into the 
ſame jar, the latter was inverted over water; 


a part of the air was forced from it as before; 


the 
BY 


os 


330 ExPtzmmenTs and OpevatIONSs 
the animal was immediately removed 
making it to paſs under the ſurface of tlie 
water; and the air that was expelled was 
again returned into the jar, when it was 
found that the water in the jar ſtood at 2. 187 
inches. Hence the diminution of the air by 
the reſpiration of the animal during 3 5 mi- 
Uutes, was ſuch as to raiſe the water in the 
jar from 2.187 to 3. yo inches, or mo 
inches. 
As the quantity of water which occupied 
the” ſpace of : one inch. in this jar was 15 
ounces Troy, it follows that, in the experi- 
ment in queſtion, the air was diminiſhed 
16.875 ounce meaſures Troy, and conſe- 
quently the quantity of pure air, altered by 
the reſpiration of the animal, in two hours, 
was 57.8 ounce meaſures Troy, or 199-5 
- cubic inches. 
When I firſt tried this experiment, I in- 
troduced the animal into the inverted jar, by 
making it to paſs under the ſurface of the 
water ; but the reſult, in theſe circumſtances, 
was hable to a conſiderable degree of inac- 
curacy. For when the animal is dry it alters 
a a ſmaller quantity of air in a given time than 


when iis wet. In the latter inſtance cold 
| | 18 
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is 1 00 by the eraporation from the fiin« 
face of the animal, and hy the experiments 


recited in page 312, it is proved that when 
an animal is placed in a cold medium, it 
phlogiſticates a greater quantity of air, in a 
given TR than when 1 it 18 N in a warm 
mediu aan 7 | 

I therefore found it L binds Gut to i in- 
troduce the animal into tlie jar, and then, as 
ſpeedily as poſſible to invert; the latter over 
water, the animal being ſupported by. the 
ſtand as deſcribed above. 

When the experiment is made in this way, 
a ſlight 3 inaccuracy ariſes from the rarefaction 
of the air, by the heat which the animal com- 
municates, during the ſhort interval that 


elapſes between its introduction into the jar, 


and the inverſion of the latter over water; 
but this inaccuracy was corrected by Experi- 
ment IV. part 2. For when the Guinea pig 
was removed, in that experiment, the aſeen- 
ſion of the water in the jar meaſured not 
only the pace which the animal had occupied, 
but alſo the air that was expelled oo We! heat 

which it communicated. | 
It has been proved that the 0 of 
pure air, altered by the reſpiration of the 
animal, 


n 
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animal, in two hours was 57. 8 ounce mea- 
ſures Troy, and that the quantity of heat 
imparted to the water during the fame period 
of time was one degree. ' 

Hence it follows, that if an rk had 
been produced in the temperature of the water, 


amounting to 2.1 degrees, the quantity of 


air chan ged would have been 121 ounce 
meaſures. It was before ſhown; that when 
an equal quantity of heat was produced by 
the burning of a wax taper, the quantity of 
air altered was nearly oo ounce meaſures. 

A ſeries of experiments, ſimilar to thoſe 
now recited, have been made by Meſſrs. 


Lavoiſier and De la Place with a different 


apparatus. See Memoire ſur La Chaluir, 


Lu a Academie Royale des Sciences, le 28 


e 1783. 

Wee ung = to the experiments related in 
this Memoire, when equal portions of air 
were altered by a Guinea pig, and by the 
combuſtion of charcoal, the quantity of heat 
excited in the former inſtance was to that in 


the latter as 13 to 10. 3 nearly. It is proper 


to obſerve that, in thoſe experiments, the 
quantity of air altered by the reſpiration of 
the animal was meaſured, by placing it in 


alr 
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air which had nearly the temperature of 60; 
and when the heat which it produced was 
determined, it was placed in a medium which 
had the temperature of 32 or 33. Now it 
has been proved, that when an animal is 
ſurrounded by a medium at a low tempera- 

ture, it phlogiſticates a greater quantity of 
air, in a given time, than when it is ſur- 
rounded by warm medium. Hence we may 
conclude, that the quantity of air phlogiſti- 
cated by the animal, in Mr. Lavoiſier's ap- 
paratus for meaſuring heat, was greater than 
that which has been determined by his cal- 
culation. This cauſe of inaccuracy was ſuſ- 
pected. by the Authors of the Memoire. 

I have repeated Mr. Lavoiſier's experi- 
ments with charcoal, and have obtained the 
3 reſults. 


EXPERIMENT XII. 


An oblon g piece of charcoal was taken 
which weighed 73.8 grains. It was formed 
in ſuch a manner that one of its extremities 
ſhould taper until it nearly terminated in a 
point. The air having been expelled from 
it by expoſure to heat, its conical extremity 
751 was 


. 
| 
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was ſet on fire by appl. 
a candle, upon which it was inſtantly placed 
in the eentre of the apparatus employed for 
meaſuring heat. Thus fituated, it was kept 
in a ſtate of inflammation by a current of 
fre ſh air, which was introduced into the in- 
terior veſſel by means of the bellows and 
ve deſcribed above. 

The interior veſſel was furroonded by - 3rlb. 
7 ounces Troy of water, which, at the be- 


ginning of the Petimant, had the nn 


ture of 62.7. 
The air in a 62.8. At the 


end of 22 minutes, the water being reduced 


by agitation to a uniform heat, its tempera- 


ture was 65.9. The air in the reve 66 
nearly. 


The charcoal after be „ PREY 
17.8 grains. The loſs of weight was, there- 


fore, 56 grains. 


Erreaiuzur XIII. 


Ar ie the % 7 ett 7 61. 8 
Barometer *. B26 SOT, 1 yu 
The upper furface Dh Weil piece of 


cok, ſimilar to that mentioned in Experi- 
ment 
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ment IX, was covered with a thin plate of 
tinned iron, to which two ſmall perpendi- 

cular plates of the ſame metal were fixed at 
a little diſtance from- the centre. Between 
theſe plates an oblong piece of charcoal, 
weighing 91.1 grains, was placed ; the diame- 
ter of the latter, compared with the diſtance 
of the Plates from each other, being ſuch, 

that when it was ſlipped in between them, it 


was retained i in its pune poſition by their 
elaſticity. - 


The a thus connected with the cork 
was made to ſwim on the ſurface of lime 
water; and the jar, which was uſed in the 
former experiments, was inverted over it, 
the common air being expelled, and dephlo- 
giſticated air introduced in the manner de- 
{cribed in Experiment IX. 

The height of the water in the jar, deter- 
mined with the precautions mentioned above, 
was found to be 3.125 inches. The char- 
coal was then ſet on fire by a lens, and was 
ſuffered to burn until it was extinguiſhed 
in conſequence of the contamination of the 
air; after which the charcoal was removed 
by making it to paſs under the ſurface of the 
water, and was perfectly dried, when it was 

| 3 found 
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found to have loſt #4 grains. The air that 
remained i in the j Jar was introduced into large 
bottles, and was agitated with lime water; 
and being again returned into the ſame jar, 
the water in the latter was found to ſtand at 
5.75 inches. The diminution of the air was, 
therefore, 39.375 ounce meaſures Troy, or 
74.65 cubic inches. With a view to avoid 
the inaccuracy which might ariſe-from a dif- 
ference in the qualities of different kinds of 
charcoal, portions of the ſame piece were 

uſed in both theſe experiments. 
The laſt trial was TINY: wal me Ge * 
lowing reſult. th 211 ee eee 


ExPERIMENT XIV. 


Air in the room 65 

N _ 10 awe 29.6 
piece of heme, which, when very 
* weighed one dram and 271 grains, was 
made to ſwim upon lime water. The jar 
being inverted over it as before, and a quan- 
tity of dephlogiſticated air introduced, the 
water was found to ſtand at 3.064 inches. 
The charcoal was now ſet on fire by a lens, 
and was ſuffered to burn till the air was ſo 
much 


fore, 10 15 4 ounce meafures troy, or 72:4 4 cubic 


ene took place. 


©0160 A ili Hz 11175 hi” © 15 
wuch vitistscd as tg be in Kapelle of ſupp 5 
5 ” 18 r 222 1 


ing the inflammation.” * 
The reſidunm of Ns 4 lh Me Tut 


moved by making 1 it to paſs under the 54 
of tlie Water. Being 1 


echte d dried” an 
wace very Hot, it was agaifl weighed,” PG 


it was Found to have loft” 124 grains." ; 


The air which remained in the jd 7 


Aae as before with lime-water,” and , Was 


returned into the jar, when the Water Ht "the 
latter ſtood ; at 5. 625 inches. 1 


$32 t 


Hence it appears, that after the agitation” 
with me- water, the volume of the ale in 


the jet via feduced 2. 2. 561 inches. The qi quan- 


tity of | pure air dba We altered was, "there: 


inches. 
To determine with certainty whether any 


fixed air Was mixed With the air that re- 


maĩned in the jar, A Portion of the Hattet, at 
the end of the Exper iment, was agttated” with 
lime· water, when it was tound that no pre- 
11174 1 10 
Reducing tlie air to the fame denſity” in 
the two preceding experiments, and taking 5 
the mean refult, we! have 41. 29 dunce mea- 


1 or 78.3 cubie inches for the quantity 
2 of 
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of pure air altered by the combuſtion of 
14 grains of charcoal, and hence 105.8 cubic 
inches would be alc by the een of 
18 grains. 

Accordin 8 to Mi 1. Lavoiſer' 8 S 
126 38 French cubic inches were altered by 
the combuſtion of an equal quantity of that 
ſubſtance; the barometer ſtanding at 28 inches, 
and the thermometer at 54.5. If the baro- 
meter had ſtood at 30, which was, nearly. its 
mean height in the above. experiments, and 
the thermometer at 61; 121.34 French, or 
138. 32 Engliſh cubic inches would have been 
alter ed. There is, therefore, a difference of 
30.5 cubic inches between the reſults of the 


foregoing trials, and thoſe of Meſſrs. Lavoiſ er 
and De la Place. | 


It is poſſible | that this variation may. have 
partly ariſen from a difference in the quahties 
of the portions of charcoal that were em- 
ployed. The 021 which 1 uſed was charred 
oak. 

Nom Roper 55s WY XIII. and; XIV. we 
learn, that 41. 29 ounce meaſures of pure air 
were altered by the combuſtion of 14 grains 
of. charcoal. Conſequently, by the combuſ- 
tion of, 56 Srains, 165.16 ounce meaſures 

will 
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vill be altered And fn Experiment XII. 


we learn, that the quantity of heat commu- 
nicated by the burning of 56 grains of char- 


pov to 1 1b. 7 oz. of water, was 3.2 de- 
Vhence it follows, that, in order to 


85 cottithtiication of 2.1 degrees of heat, 
it would be neceffary that 108.3 ounce mea- 
ſures of pure air, ſhould be altered by the 


combuſtion of charcoal. And we have fern, 


that an equal quantity of heat was commu- 
nicated to the water, when ro ounce mea- 
fures of pure air were altered by the burning | 


of wax. 

It is proper to obſerve, that when the 
wax taper was burned in the above deſcribed 
apparatus; with a view to determine the heat 
which it produced, a conſiderable quantity of 
aqueous vapour was condenſed on the inner 
ſurface of the interior veſſel. But no vapour 
appeared when the experiment was made 
with charcoal. It is therefore probable that, 
in the former inſtance, a part of the pure air 
was converted into water; and that in the lat- 
ter, it was principally, if not entirely, changed 
into fixed air. This concluſion is, I think, 
confirmed by the following experiments. 
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1 ExPERINME NT E He gia 
Air in the room „ acts 10+ rev 
Barometer - $117 2; v0 Ms 


The] jar being inverted as before, over a wax 


taper, which was made to ſwim on the ſurface 


of pure water, a quantity of dephlogiſticated 


air was introduced, when the water in the 
jar was found to ſtand at 3.312 inches. 
The taper was now kindled, and ſuffered 
to burn till it was extinguiſhed in conſe- 
quence of the deficiency of pure air, and the 
jar being ſpeedily cooled to. the temperature 
of the ambient medium, the water, . previ- 
ouſly to the abſorption of the fixed air, was 


found to ſtand at 4.187 inches. After the 


fixed air was abſorbed by agitating it with 


lime-water, and the remaining air was re- 


turned into the jar, the water in the latter 
ſtood at 6 inches. 

The diminution of the air, fer de, "i 
the combuſtion of the wax, previouſly to the 
abſorption of the fixed air, was to the entire 
diminution, after the fixed air was abſor bed, 
as .875 to 2.688, or as 1 to 3.07. 


ExPERIMENT XVI. 


Air in the room = * 61 
Barometer - - '- - 29-6 


£©@©_C wad 
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0 


UPON ANIMAL Hear, &c. 


A piece of charcoal was made to ſwim on 
lime- water; the jar was inverted over it; and” 
a quantity of dephlogiſticated air was intro- - 
duced; by which the water in the jar was 
depreſſed until it ſtood at 3.064 inches. The 
charcoal was now ſet on fire by a lens, and 
was ſuffered to burn till it was extinguiſhed 
m conſequence ache the re of the 
all. | 
Ihe air in the j jar being bebe to the 
temperature of the furrounding atmoſphere, 
the water was found to ſtand at 3.4 39 inches. 
The fixed air was then abſorbed by agitating 
it, in bottles, with lime-water; and the re- 
maining air being returned into the jar, the 
water in the latter ſtood at 5.625 inches. 

Hence the diminution of the air by the 
combuſtion of the charcoal, previouſly to the 
abſorption of the fixed air, was to the entire 
diminution, as 365 to 2. 1 25 or as. 1 to 
7.01 nearly. 

As I was apprehenſive, that in the laſt ex- 
periment, the air in the jar had not been 
completely cooled to the temperature of the 
ambient medium, it was repeated with the 
following reſult, 
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ExPERIMENT XVII. 


Air in che roam- -. 4. 5-08 

On — 8 
The j jar being inverted over a piece of char- 
coal, which was made to ſwim on the ſurface 


of lime-water, and dephlogiſticated air being 


introduced as before, the water was found 
to ſtand at 3.562 inches. 
The charcoal was then kindled, ed 
to burn till the pure air was vitiated, and 
the jar was cooled to the temperature of the 
ſurrounding air, by pouring cold water over 
it. With a view to ſatisfy myſelf that it had 
acquired the exact temperature of the ſur- 
rounding air, I ſuffered it to remain in a 
ſtate of reſt during the ſpace of 21 hours; 
the air in the room retaining very nearly the 
ſame temperature that it had at the begin- 
ning of the experiment. The water in the 
jar was now found to ſtand at 3. 875 inches. 
After the fixed air was abſorbed, it Rood at 
. 7 5 inches. | | 
The diminution of the air in this experi- 
ment, previouſſy to the abſorption of the 


3 8 fixed 
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fixed air, was to the entire ditminuri6h, 26 
313 to 2. 188, or nearly as 1 to 6. 99. In 
the foregoing experiment, it was as 1 to 
7-01. And taking the mean reſult, it will 
be as 1 to 7 very nearly“. "OE ene OE 
It was before ſhewn, that the nude 
which was produced in the volume of the 
pure air, by the combuſtion of wax, was to 
Fe mean reſult of the foregoing experiments, gives 
67.3 cubic inches for the volume of the pure'air changed 
by the combuſtion of the charcoal, and 57.7 for the volume 
of the fixed air which was produced in that proceſs. The 
mean height of the barometer was 29.55 inches; and the 
mean temperature was 61,5. If the barometer had ſtood 
at 28, and the thermometer at 54-5, the volumes would 
have been 70. 26 and 59.68. Suppoſing that when the 
barometer is at 28, and the thermometer at 54. 5, a cubie 
inch of pure air weighs . .32105 of a grain, Troy, and a 
cubic inch of fixed air .47489 of a grain; the weight of 
79.26 cubic inches of the former will be 22.55 grains, 
and that of 59.68 of the latter, 28.34. It is manifeſt 
that the exceſs of the weight of the fixed, above that of 
the pure air, muſt have ariſen from its being combined 
with a principle furniſhed by the charcoal; and conſe» 
quently, the quantity of the inflammable prineiple con- 
tained in fixed air will be nearly 2th of the whole, 
According to Mr. Lavoiſier's experiment, it is only th 
of the whole. As theſe proportions vary from each other 
very much, I repeated my experiments with great care, 
but I could not find the reſults to be materially different 
from Fore which have been ſtated above, 


2 4 "mth 
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the entire diminution after the fixed air was 


abſorbed, as, 1 to 3 nearly. : 

From theſe exper iments, compared with 
the obſervations recited, in page 339. it fol- 
lows, that when pure air is phlogiſticated by 
the burning of wax, it is partly. converted 
into aqueous vapour, and partly into. fixed 
air; and that hen it is phlogiſticated by the 
burning of charcoal, it is entirely converted 


into the latter fluid. | | 
As the vapour which is the n af the 


Wia procels 1 1s ſuddenly condenſed, the air 
that remains in the jar, previouſly to the ab- 


ſorption of the fixed air, ſuffers a much 
greater diminution of bulk, than it does in 
thoſe caſes in which. no „nene vapour is 
anne IN TY 
I have found that the ible of tallow 
and oil, as well as that of wax, is accom- 
panied with the production of aqueous va- 
pour. That a quantity of water is produced 
by the combuſtion of oil, is alſo proved by 
the experiments of Mr. De Luc. 
From theſe facts it ſeems extremely pro- 
bable, that oil, wax and tallow, and moſt 
other inflammable ſubſtances, contain two 
kinds of inflammable air, one of which 
reſembles 


345 
reſembles the light inflammable air of metals, 
and the other, the heavy inflammable air ob- 
tained from vegetables by expoſure to heat in 
cloſe veſſels. | The firſt, by its union with 
pure air, produces water; and the laſt, fixed 
air; and hence fixed air and water are the 
reſult of the combuſtion of wax and oil. 
When thoſe ſubſtances are reduced to a coal, 
by expoſure to heat in cloſe veſſels, it ſeems 
probable that the light inflammable air, com- 
bined with the volatile parts, eſcapes, and 
that the heavy inflammable air is retained; 
and, conſequently, fixed air alone is n uced 
by the combuſtion of charcoal. ; 

Having found that the pure air which] is 
altered by the burning of wax, oil, and tallow, 
18 partly converted into water, and partly into 
fixed air, I next endeavoured to determine 
whether a ſimilar change is produved _—_ _ 
reſpiration of an animal, | 
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EXPERIMENT XVIII. 


Air in the roon = I 
Barometer — — — 30 
A Guinea pig was introduced i into a glaſs jar, 
containing dephlogiſticated air, which was 

inverted 
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inverted over water, the mouth of the jar a 
being cloſed with a cork to prevent the 1 
abſorption of the fixed air. The animal was t 
ſuffered to remain in this ſituation a little 5 
more than an hour, when the cork was re- 
moved, and the water permitted to enter. 0 


The latter now occupied the fpace of 16 
cubic inches in the jar. The Guinea pig 
was then withdrawn by making it to paſs 
under the ſurface of the water, and the point 
at which the water ſtood in the jar was 
accurately determined. The experiment be- 
ing diſcontinued for. a time, the height of 
the water was again obſerved at the end of 
| eight hours, when it was found to have re- 
7 | mained nearly ſtationary; from which it ap- 
11 pears that fixed air is very ſlowly abſorbed by 


1 water when they are both in a ſtate of reſt. 
1 The air being now agitated with lime 
water, the reſiduum was returned into the 
11 jar; and by the aſcenſion of the water it was 
#1 found that 40.86 cubic inches of fixed air 
1 were abſorbed. | 
i - It was before ſhown that the diminution 
of the air produced by the reſpiration of the 
animal alone, was 16 cubic inches. It now 
appears that the diminution produced by the 
abſorption 


— — 
* 
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abſorption of the fixed air was 40.86 cubie 
inches; the entire diminution, therefore, or 


the quantity of air altered, was 56. 86 oubir 


inches, or 18.9 grains. 

Hence it follows that part of the pure air, 
changed i in the above experiment, was con- 
verted into water ; for by the experiment 


with charcoal it is proved that, if the pure 


air had been entirely converted into fixed air, 

the diminution which it would have ſuffered, 

previouſly to the agitation with the lime water, 
would not have been more than the + of the 
whole; but, in the experiment in queſtion, 

it was nearly 7+ of the whole. A part of 
the air, therefore, in the latter inſtance, muſt 
have been converted into aqueous vapour, 
which was condenſed upon the internal ſur- 
face of the jar. It moreover appears, from 
the trials with charcoal, that if the pure air 
had been entirely converted into fixed air, the 


weight of the latter would have been f greater 
than that of the former; but in the laſt 
mentioned experiment, the weight of the pure 


air altered by the reſpiration of the animal, 
was nearly equal to that of the fixed air 
which was produced by this. proceſs ; for the 


weight of the pure air was 18.9 grains, and 
that 
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that of the fixed air 20.1 grains. Of the 
latter quantity + conſiſted of pure air, and: 
of heavy inflammable air ; that is the quan- 
tity of pure air, changed into fixed air, was 
16.68 grains; but the entire quantity of pure 
air, altered during the proceſs, was 18.9 
grains. It follows that 2.82 grains of this 
fluid were changed into water, and 45K 
grains into fixed air. | 
From the XVIth Experiment it is mani- 
feſt, that fixed air conſiſts of pure air, and of 


a principle furniſhed by inflammable ſub- 
ſtances, agreeably to the opinion of Dr. Black, 


Mr. Kirwan, and Mr. Lavoiſier. For the 


quantity of fixed air produced, in that experi- 
ment, was 28.34 grains, (ſee note, p. 343) the 


quantity of pure air altered by the proceſs 
was 22.55 grains, and the quantity of char- 
coal conſumed was 12.5 grains. 

Hence it is not poſſible that the fixed 1 
could have been ſolely derived from the char- 
coal, or from the pure air, becauſe its weight 
exceeded that of either of thoſe ſubſtances; 
and that it could not have been derived from 
the water, appears from the reſult. of ſimilar 
experiments which have been made over 
mercury. | 

Since, 
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charcoal, a quantity of fixed air is produced, 
greater t than the entire quantity, either of coal 
or of pure air that diſappear, we cannot, I 
think, avoid concluding, that the fixed air is 
formed by an union between the pure air, 


and a ate furniſhed . the have 


coal. F 

It moreover appears 1 f Fe 
VIII. and IX. that when wax is burned in 
pure air, more than the one half of it enters 
into the compoſition of the fixed air and aque- 
ous vapour, which are produced during that 
proceſs. For the volume of the pure air, al- 
tered in Experiment VIII. was 184.84 cubic 


inches; the barometer ſtanding at 30.4, and 
the thermometer at 70. If the former had 
ſtood at 28, and the latter at 54. 5, the 


volume would have been 194.44 cubic inches, 
or 62.4 grains. The bulk of the pure air, 
previouſly to the abſorption of the fixed air, 
was diminiſhed one third in conſequence of 


the combuſtion of the wax *. The quantity 


of fixed air produced was, therefore, 1270 6 
cubic inches, or 61. 5 grains. | 50 
We have ſeen that when pure air is con- 
verted into fixed air, its bulk is diminiſh- 
2 Sce Experiment XV. 


ed 


since, therefore, during the combuſtion of 
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ed ; of the whole; therefore the volume of 


the pure air contained in the above-mentioried 


129.6 chic inches of fixed air, muſt have 
been 148.2 cubic inches; fubtraQting this 
from 194.4; we have 46.2 cubic inches, or 
14. 8 grains, for the quantity of pure ait which 
was converted into water. The fixed air 
contained + of its weight of inflammable 
matter, and the water nearly 3; and hence the 
quantity of inffammable matter, which en- 
tered mto the compofntior of the fixed air 
atid water, was 14.78 grains. From which 


it appears that wax confiſts principally of 


heavy and of light inflammable air, in's folid 
Nate, fince the greater part of it is combined 
with the pure air which 18 altered during its 
combuſtion. 
The following table exhibits the quantities 


of heat communicated to 3 1 pounds ſeven 


otinces Troy of water, by the combuſtion of 
different ſubſtances in we 1 atus deſcribed 
above *. 


* The ater employed for meaſuring the heat 
expreſſed in this, and in the ſubſequent table, had the 
degrees of Farhenheit's ſcale ſubdivided into decimals ; 
and, conſequeritly, each degree cotreſporids with the 18 of 
a degree of Fathenheit. F | 
Degrees 
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Nail 0G Sonden Nee e. 
4 The heat indpartet by the combuſtion. 
Ve of half a dram of wax was 22 
18 By the combuſtion 6f half a ar an W dr MLS 
or Annen £1} mon li de 24 
þ Þy the'combuſtion/ of nem * 
ir the beſt lamp ot 4 11 3007 . er 
le By the en of hate a dram a 
e Acharrenl ni tis bin za £30, 17 
4 rege Jueuakins.:06-jik een | 
ir altered by the combuſtion of wax and ehar- 
h coal, and by the reſpiration of an animal, 
of the quantities: of heat communiecated to 31 
d * l r Fond water. were as fol- 
d lows. © Ip 32 $016 11 
8 8 an OH Degrees 11 
i by the e | 
8 tion of wax, ' 
1 2 Yo 41005 ad A531 imparted: G N 
f 100 ; ounce meaſures 10 Wente 5 
d of pure arr. altered Ty NP ne re 
ll -coal | 139.3 
Hi 0 whe the reſpira | 
f 1 1 tion 'of Wil 11 | 
; 32K" . Gumea pig 1 73 
f From $66 e foregoing experiments it ap- 


pears, that the quantities of air altered being 
_ equal, 


15 
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equal, more heat is produced by the com- 
buſtion of wax than by that of charcoal, 
and more hy the combuſtion of:charcoal than 
by the reſpization, of an animal. I Theſe dif- 
ferences probably ariſe from the following 
cauſes: in the firſt inſtance, a conſiderable 
part of the air is converted inte water, and 
more heat is produced by the converſion of 
pure air into that fluid than into fixed air. 
In the laſt inſtance, a part of the heat is car- 
ried. off by the inſenſible perſpiratio: 

The reſults, however, approach ſo nearly Y 
to. each other as to prove that the heat, in 
theſe progeſſes, ariſes principally;: if not en- 
tirely, from the converſion of pure air into 
fixed air, or into water. 

Upon the whole we have ſufficient evidence 
for concluding, that when an. animal is 
placed in a warm medium, the colour of the 
venous blood approaches moren nearly to that 
of the arterial than when, it 15 placed, i in a 
_> medium ; that the quantity of reſpirable 

which the animal phlogiſticates in a 
15 time, in the former inſtance, is leſs than 
that: which it phlogiſticates, during an equal 
ſpace! of time, in the latter; and that the 
e if of heat producedp when 4 given 

Por uon 


- 
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portion of pure air is altered by the reſpira- 
tion of an animal, is nearly equal to that 
which is produced, when the ſame quantity 
of air is altered by the coinbuſtion of \ Wax or 
charcoal. bs 
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S EC TI 0 N III. 55 
From the facts wh ich have been eſtabliſhed 


planation may be given of animal heat, and 
of the heat which is produced by the inflam- 
* mation of combuſtible bodies. 


| | 1. Of Animal Heat. 


It has been proved, that the air which 1s 

received into the lungs of animals, contains 

more abſolute heat than that which is ex- 

haled in expiration. It has been ſhown, 
particularly, that nearly + of the pure air 
which is altered by the proceſs of reſpiration, 

' is converted into aqueous vapour, and the re- 

\ maining + into fixed air; that when a given 
k quantity of pure air is changed into fixed air, 
in phlogiſtic proceſſes, the weight of the lat- 

ter exceeds that of the former by ; of the 

whole; and that, when the quantities of 

matter in theſe fluids are equal, the compara- 

tive quantities of heat are as 4 to 1; from 

which it appears, that the quantity of matter 

in the fixed air being to that in the pure air 

as 5 to 4, the quantity of heat in the latter 
Will 


by the above experiments, the following en- 
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will be to that in the former as 3 to 1 nearly; | 
and it has been proved, that this is likewiſe the 


ratio of the heat of pure air to that we 
aqueous vapour. PD, # 
Since, therefore, the * air and aqueous 
vapour, which are exhaled by expiration, 
are found to contain only the 4 part of the 
heat which was contained in the purer portion 


of the atmoſpherical air, previouſly to in- 
ſpiration, it follows that the latter muſt 


neceſſarily give off a conſiderable proportion 
of its abſolute heat in the lungs. 

It has moreover been ſhown, that the com- 
parative heat of florid arterial blood is to that 
of venous as 11: to 10; and hence, as the 


blood which is returned by the pulmonary 


vein to the heart, has the quantity of its 


abſolute heat increaſed, it is evident that it 


muſt have acquired this heat in its paſſage 
through the lungs. We may conclude, 
therefore, that, in the proceſs of reſpiration, 
a quantity of abſolute heat is ſeparated from 
the air, and abſorbed by the blagd. ? 
The truth of this concluſion will - perhaps 
appear in a clearer light from the following 


calculation, by which we may form an 


eſtimate of the quantity of heat yielded by 
| e the 
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of red hot iron being 1050, it follows that 


the purer part of atmoſpherical air, when it 
1s: converted into fixed air, and aqueous 
vapour; and alſo of that which is abſorbed 
during the converſion of venous into arterial 
We have ſeen, that the comparative heat 
of pure air is to that of the fixed! air and 
aqueous vapour, into which it is changed in 


the lungs, as 3 to 1. The ſame heat, there- 


fore, which raiſes the pure air one degree, 
will raiſe. the fixed air and; aqueous vapour 
three degrees; and, conſequently, the - ſame 
heat which raiſes pure air, any, given number 
of degrees, will raiſe the fixed air and aqueous 


vapour the ſame number of RY multi- 
Phad: by. three. 


It has been, proved that pure air, when at 


- the common temperature. of the atmoſphere, 
contains 1550 degrees of heat. Hence if a 


certain quantity of pure air, not in contact 


.- with any body that would immediately carry 


off the heat, ſhould. ſuddenly, be converted 
into fixed ai and aqueous vapour, the heat 
which was contained in the former would 


raiſe the latter 1550 degrees multiplied by 


three, or 4650 degrees; and the temperature 


the 


1 
1 
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the quantity of heat, which is yielded by 
pure air, when it is converted into fixed air 
and aqueous vapour, is ſuch (if it were not 
diſſipated) as would raiſe the air and vapour, 
ſo changed, to more than four times the 
exceſs of the heat of red hot iron above the 
common temperature of the atmoſphere. 

If, therefore, the abſolute heat which is 
diſengaged from the air in reſpiration, were 
not abſorbed by the blood, a very great 
degree of ſenſible heat would be eee in 
the lungs. 

Again, it has been proved, that the ſame 
heat which raiſes venous blood 115 degrees, 
will raiſe arterial only 100 degrees; and, 
conſequently, the ſame heat, which raiſes 
venous blood any given number of degrees, 
will raiſe arterial, a leſs number, in the 


proportion of 100 to 115, or of 20 to 23; 


but we know that venous blood contains at 


leaſt 1 580 degrees of heat. Hence, if a cer- 
tain quantity of venous blood, not in con- 
tact with any body that would immediately 

ſupply it with heat, ſhould ſiddenſly be con- 


verted into arterial, the heat which was con- 


tairied in the former would raife the latter 


du e of 1580 degrees, or 1373 degrees; 


/ 
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and conſequently, the ſenſible heat would ſuf- 
fer a diminution equal to the difference be- 
tween 1580 and 1373, or nearly 200 de- 
grees. But the common temperature of 
blood is 96; when, therefore, venous blood 
is converted into arterial in the lungs, if it 
were not ſupplied by the air, with a quan- 
tity of heat proportionable to the change 
which it undergoes, its ſenſible heat would 
be diminiſhed 200 degrees, or it would fall 
from 96 to 104 below the zero of F arhen- 
heit's ſcale. | 

That animal heat depends upon the ſepara- 
tion of elementary fire from the air in the 
lungs, is moreover ſupported by the experi- 
ments which have been brought in proof of 
the third and fourth Propoſitions. 

For from the experiments which have been 
adduced in proof of the third Propoſition, 
it appears, that when bodies are united with 
the inflammable principle, they part with a 
portion of their elementary fire; and that 
when this principle is again diſengaged, they 


re- abſorb an equal. portion of fire from the 


ſurrounding bodies. It moreover appears, 


from the experiments which have been ad- 


duced 9 of = fourth Propoſition, 
COM» 
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compared with the diſcoveries of Dr. Prieſt- 
ley and Mr. Cavendiſh, that when pure air 


is combined with the intemmsbhe principle, 


in the ſtate of light inflammable air, it is 


changed into aqueous vapour; that when it 


is combined with this principle in the ſtate of 


heavy inflammable air, it is converted into 
fixed air; that wax, oil, and tallow confiſt 


chiefly of heavy and of light inflammable | 
air in a ſolid ſtate; that when pure air is 


altered by the combuſtion of theſe ſubſtances, 


fixed air and aqueous vapour are produced, 
and that the ſame products are obtained when 
that fluid 1s altered by the reſpiration of an 
animal. Hence it clearly follows, that, in 
the reſpiration of animals, as well as in the 


_ combuſtion of wax, oil, and tallow, the pure 
air is altered in its properties-by its combina- 


tion with the inflammable principle; and 
fince we know that the union of theſe 
elements 1s univerſally accompanied with the 
extrication of heat, and particularly that, by 
this union, a large quantity of Elementary. 
fire is diſengaged from the air in the com- 
buſtion of oleaginous ſubſtances, we may 


conclude that, in the proceſs of reſpiration, 
a ſimilar extrication of fire takes place. In 


As this 
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this concluſion we are confirmed by the re- 


ſults of Experiments VIII. IX. X. and XI. 


Prop. IV. from which it appears, that when 
equal quantities af air are changed: by the 
reſpiration of an animal, and hy the com- 
huſtion gf à wax taper, the quantities of 
ſenſible heat proguced are nearly equal. 
Again, it is proved by Experiments I. and 
Il Prop. II. p. 273, compared with the 
abſervations in page 84, that the change 


which the blood undergoes, during its circula- 


i tion through the lungs, is ſimilay to that 

which ſolid bodies under go when they are 
— 9 that is, the capacities are in both 
inſtances increaſed; and ſince we know that, 
when ſolids are melted, a quantity of heat is 
abſorbed, we may conclude that when venous 


blood. is changed into arterial, a ſimilar 


abſorption takes place. 


In the laſt place, it is evinced 3 Experi- 


ments I. II. III. IV. V. VI. and VII. Prop. 
IV. that when an animal is placed in a cold 
medium, the venous blood acquir es a deeper 
hue, and that a greater quantity of air is 

altered by the proceſs of reſpiration in a 
5 given time, than when it is placed in a warm 


medium. Now it has born. proved by the 


| very 


very ingenious a wh ies Prieſtley, 
that the livid colour of the blood in the 
veins, depends upon its union with the in- 
flammable pripciple from which it follows, 
that the blood is more deeply impregnated 
with this principle, that it furniſhes a more 
copious ſupply of it to the air in the lungs; 
that more air is phlogiſticated in a given 
time; and that a greater quantity of elemen- 
tary fire is abſorbed, in proportion as the 
animal is ſurrounded bya medium which has 
| a lower temperature. | 

Ty Hence it appears, that the quantity of his 
| which is ſeparated from the air, and abſorbed 
by the blood, is, in all caſes, proportioned 
to the neceſſity. Since, therefore, it has been 
proved that elementary fire is abſorbed from 
the air in the proceſs of reſpiration, and fince 
the quantity that is thus abſorbed is not only 
adequate to the effect which we have been 
endeavouring to explain, but alfa propor- 
tional to it, we may fafely conclude that it is 
the true cauſe of animal heat. | 
From the foregoing experiments and cb 
ſervations it follows, that animal heat depends 
upon a proceſs reſembling a chemical elective 
attraction, The pure air is received inte the 
6 lungs 


f 
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lungs containing a great quantity of elemen. 
tary fire; the blood is returned from the ex- 
tremities impregnated with the inflammable 
principle; the attraction of pure air to the 

latter principle is greater than that of the 
blood. This principle will therefore leave 
the blood to combine with the air ; by this 
combination the air is obliged to depoſit a 
part of its elementary fire; and as the capa- 
city of the blood is at the ſame moment in- 
creaſed, it will inſtantly abſorb that portion 
of fire which had been detached from the 
air. The arterial blood, in its paſſage through 
the capillary veſſels, is again impregnated with 
the inflammable principle, in conſequence of 
which its capacity for heat is diminiſhed, as 
appears from the experiments which have 
been recited in proof of the ſecond Propoſi- 
tion. It will, therefore, in the courſe of the 
circulation, gradually give out the heat which 
it had received in the lungs, and diffuſe it 
over the whole ſyſtem. Thus it appears 
that, in reſpiration, the blood is continually 
diſcharging the inflamrnable principle, and 
abſorbing heat; and that in the courſe of the 
circulation, it is continually imbibing this 


principle, and emitting heat. | 
Though 


* 


produced by a force inherent in bodies, which 
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Though I have endeavoured to ſhow that 


the proceſs by which heat is ſeparated from 


the air, and abſorbed by the blood in the 
lungs of animals, is analogous to a chemical 
elective attraction, yet I do not mean to 
aſſert. that elementary fire is really capable 


of being chemically combined with bodies; 
much leſs do I affirm, as ſome have ſuppoſed, 


that it is by means of. a double elective at- 
traction, that heat is diſengaged from the air 


in the proceſs of reſpiration. - Before this ; 


can be admitted, it muſt be proved that heat 


is a ſubſtance; and I do not know. that any 
experiments have hitherto been publiſhed 


which ' demonſtrate the materiality of that 


principle. Indeed this opinion is not at all. 


eſſential to the truth of the concluſions con- 


| tained in the preceding pages; for theſe con- 
cluſions have been deduced from facts eſta- 


bliſhed by experiment, and which I think 
muſt be admitted, whatever be the hypotheſis 
which we adopt concerning the nature of 
heat. 

Thus, whether we ont the ſenſible 


| heat of bodies as depending upon a peculiar 


fluid, or whether we conſider it as an effect 
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the action of an inherent force, and hea? as 
depending upon the diminution of this force; 
ſtill, the general properties of heat recited in 
the foregoing pages muſt, I think, be admitted, 
| becauſe they are deduced from experiment, 
and from the teſtimony of ſenſe.” It miſt, for 
example, be granted, that the quantity of the 
element of fire, or of the igneous force in 
bodies may be increaſed or diminiſhed by 
their communication with neighbouring 


bodies, which have a different temperature . 


that unequal quantities of fire are required 
in order to produce the ſame degree of ſenſi- 
ble heat in equal weights of heterogenous 
bodies; and that a change of form in the 
fame body will produce a variation in the 
| quantity of fire which is neceſſary to raiſe it 
to a given temperature. It is upon theſe 
general properties, and not upon any hypo- | 
theſis reſpecting the nature of heat, that the 
explanation which has been now given of 
animal heat is founded. By means of thoſe 
properties the com parative qu; antities of that 
principle contained in various bodies, and 
particularly, in * air, and in the 

blood 


- 


has by ſome been called the igneous force, | 
or whether we conſider cold as arifing from 
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blood of animals, have been eſtimated; and 
if it be admitted as a certain truth, that a 
diminution: is produced in the quantity of heat 
contained in the air; and an encreaſe in that 
contained in the blood, by the proceſs of re- 
ſpiration, it will not, I apprehend, be denied 
that, in this proceſs, heat is We 
paſſing from the air to the blood. 

It may be proper to add, that, as the 


blood: by its impregnation with the inflamma- | 


ble principle, has its capacity for heat dimi- 
niſhed, fo, on the: contrary, thoſe parts of the 
ſyſtem,. from which it receives: this principle, 


will have their capacity for heat increaſed, 


and will conſequently abſorb heat. 

Now if the changes in the capacities, and 
the quantities of matter changed in a given 
time, were ſuch that the whole of theelemen- 
tary fire ſeparated: from the air were abſorb- 
ed, it is manifeſt that no part of the heat 
which is received in the lungs would become 
ſenfible in the courſe of the circulation. 
That this; however, is not the caſe; will 


I think be evident: from the following confi- 


derations. | 
We know that: ſenſible heat is produced by 
the circulation of the. Hood; and we have 
proved 
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proved by experiment, that a quantity of 


in the lungs, and is again diſengaged from it 
in its progreſs through the ſyſtem. If, 
therefore, the whole of the fire, which is 
ſeparated from the blood, were abſorbed by 
thoſe parts of the ſyſtem' from which it re- 
ceives the inflammable principle, it would 


be neceſſary to have recourſe to ſome other 


cauſe, to account for the ſenſible heat which 
is produced in the circulation. But by the 
rules of philoſophiſing, we are to admit no 
more cauſes of natural things, than ſuch as 
are both true and 3 to n the 
appearances . 

That a part of the fire which i is ſeparated 
from the blood, in the courſe of the circula- 


tion, becomes redundant, is moreover ſup- 
ported by a very extenſive analogy. For the 


proceſs by which the arterial blood is phlo- 
giſticated during its paſſage through the mi- 


nute veſſels, is ſimilar to that by which pure 
air is phlogiſticated in the combuſtion of 


oleaginous ſubſtances. In the latter proceſs, 
the inflammable principle is ſeparated from 
an earthy baſis, and combined with the air; 


* Vide Newtoni Princip. lib. iii. p. 202. 


elementary fire is communicated to that fluid 
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in the "IPO it is ſeparated from the putreſ- 


cent parts of the ſyſtem, and combined with 


the blood. In both caſes, the capacity of 


the body which parts with the inflammable 
principle is increaſed, and that of the body 


which receives it is diminiſhed; and ſince in 
the combuſtion of oleaginous ſubſtances, the 
changes which take place in the capacity of 


the body which receives this principle, and 


of that which parts with it, bear ſuch a pro- 
portion to each other, that a quantity of heat 
becomes redundant, we may conclude, that in 
the circulation of the blood through the mi- 
nute veſſels, a ſimilar effect is produced. 

It muſt nevertheleſs be granted, that thoſe 
parts of the ſyſtem which communicate the 


inflammable principle to the blood, will have 


their capacity for containing heat increaſed; 
and, therefore, that a part of the fire which 
is ſeparated from the blood will be abſorbed. 

To this cauſe it is probably owing, that leſs 
heat is produced by an animal, than by the 
burning of a wax taper, the quantities of 
air conſumed being equal; for it is likely, 
that the putreſcent juices, as ſoon as they 
have communicated the inflammable prin- 
"Oy to the blood, fly off in the form of in- 
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ſenſible perſpiration, and carry along with 
them a part of the fire which is detached in 
the courfe of the circulation. | 

From the quantity of heat, however, which 


| becomes: ſenſible in the animal body, it is 


manifeſt, that the portion of fire which ! is 
chus abſorbed, is not very cenfiderable. 

It appears, therefore, that the blood, in 
its progreſs through the ſyſtem, gives out 
the clementary fire which i it had received from 
the air in the lungs; a ſmall portion of this 
fire is abſorbed by thoſe particles whicly im- 
part the inflammable principle to the blood; 
the reſt becomes redundant, or is converted 
mto in and ſenſible cron 2 


| of the ps on of — ble Bodies. 


From the above experiments we learn, that 


atmoſpherical air contains much elementary 


fire or abſolute heat; that when it is converted 
into fixed air and aqueous vapour, the greater 
part of this heat is detached; that the capacities 
of bodies for containing heat are increaſed by 
the changes which they undergo in the pro- 
ceſs of- combuſtion. Hence we infer, that 
the heat which-is produced by combuſtion, 1s 
derived 
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derived from the air, and not from the zan. 


mable bod | 

For nflanitaable baden contain bre ab- 
ſolute heat; atmoſpherical air, on the con- 
trary, abounds with this principle: In the 
proceſs of inflammation, the air is converted 
into fixed air and aqueous vapour, and at the 


| fame time gives off a very great proportion 


of its abſolute heat, which, when extricated 
ſuddenly, burſts forth into flame; and pro- 
duces an intenſe degree of ſenſible heat. We 


have found by calculation, that the heat 
vhich is produced by the converſion of at- 


moſpherical into fixed air, is ſuch, if it were 
not diſſipated, as would be ſufficient to raiſe 
the air, ſo changed, to four times the ex- 

deſs of the heat of red hot iron above the 
common temperature of the atmoſphere. 
It appears, therefore, that, in the proceſs of 
inflammation, a very great quantity of heat 
is derived from the air. | 
It is manifeſt, on the contrary, that no 
part of the heat can be derived from the 
combuſtible body ; for the combuſtible body, 
during the inflammation, undergoes a change | 
fimilar to that which is produced in the blood 
by the proceſs of reſpiration, in conſequence 
B b 2 of 
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ef which its capacity for containing heat is 
increaſed; it therefore will not give off any 
part of its abſolute heat, but like the blood 
in its paſſage through the lungs, it will abſorb. 
heat. 

The calx of iron, for example, is found 
to contain more than twice as much abſolute 
heat, as the iron in its metallic form. From 
which it follows that, in the proceſs of in- 
flammation, the former muſt neceſſarily ab- 
ſorb a quantity of heat, equal to the exceſs of 
its. heat above that of the latte. 

No whence does it receive this heat? It 


cannot receive it from the iron; for the 


quantity of heat in the calx is more than 
double of that which was contained in the 
iron, previouſly to the calcination. 

But in the inflammation of iron, the 
-atmoſpherical air, with wwhich'it is in con- 
tact, is altered in its properties, a very great 
proportion of its abſolute heat is ſeparated, 
part of which is abforbed by the calx, and 
the reſt appears in the form of flame, or 
becomes moving and ſenſible heat. 

We may conclude, therefore, that the 
ſenſible heat, which is excited in combuſ- 
1 . Ition 
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tion, depends u pon the en of blue 


heat from the air. 

In confirmation of this concluſion, it 105 
be proper to add, that (if we except the 
change that the air undergoes in the proceſs 
of reſpiration, in which the heat is abſorb- 
ed,) the ſudden converſion of the purer part 
of atmoſpherical into fixed air, or into 


aqueous vapour, is invariably accompanied ; 


with the production of ſenfible heat. Thus 
ſenfible heat is produced when pure air is 
exploded with inflammable air, when it is 
diminiſhed and rendered noxious by putre- 
faction, by the combuſtion of. oleaginous 
ſubſtances, and by the electric ſpark. If 
the quantity of air, which is changed by theſe 
procefles, in a given time, be very great, 
the change is attended with much light, 
with a vivid flame, and with intenſe heat 
but if the alteration in the air be flow and 
gradual, the heat paſſes off imperceptibly to 
to the ſurrounding bodies. 

It appears upon the whole, that atmoſphe- 
rical air contains in its compoſition a great 
quantity of fire, or of abſolute heat. By the 
ſeparation of a portion of this fire in the 


lungs, it ſupports the temperature of the 


3 3h arterial 
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arterial blood, and thus communicates that 
pabulum vitæ, which is ſo eſſential to the 
preſervation of the animal kingdom; and, 

finally, by a ſimilar proceſs, it maintains 
thoſe natural and artificial fires which are 
excited by the inflammation of combuſtible 
ods. - 

It has been fannoſed by ſome Philoſophers, 
and particularly by Mr. De Luc and Mr. 
Lavoiſier, that the heat which ariſes from 
the inflammation of combuſtible bodies, does 
not depend upon a change of capacity in the 
air, but upon a chemical decompoſition. 

Theſe Philoſophers take it for granted that 
elementary fire is a ſubſtance. They divide 

it into two kinds, fixed and free fire. The 
latter is that portion of the element of fire 
which 18 known to exiſt, in all parts. of 
nature, in a moving and ſenſible ſtate, and 
which is continually diſpoſed to flow from 
warmer into colder bodies; and fixed fire i 18 
a portion of the ſame element, which the 
various claſſes of natural bodies are conceived 
to retain in a ſtate of chemical union, accord- 
ing to their ſeveral attractions. The fire 
which is thus chemically combined with 
bodies, is ſuppoſed to loſe its diſtinguiſhing 
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properties. Agreeably to this it is conceived 
that, during the eombuſtion of inflammable 
and dephlogiſticated air, the fire which was 


chemically united to theſe ſubſtances; and 


was retained by them in a fixed and inſenfi- 


ple ſtate, is, in conſequence of their union, 


extricated by a ſuperior attraction, When it 


acquires the form of free and moveable fire. 
Whether the production of heat, in this 


proceſs, ariſes from a change of capacity, or 


from a chemical decompoſition, can only be 


determined by an appeal to facts. 


I do not know that any experiment has 


: 3 ; 5 
hitherto been made, which ſhows that 
elementary fire can be chemically combined 
with bodies, in ſuch a manner as to loſe its 


diſtinguiſhing properties. In order to eſta- 


bliſh this as a fact, it would be neceſſary to 
prove that, when bodies produce ſenfible 
heat by a change of form, their capacities 


are either undiminſhed, or that the dimi- 


nutions of capacity, are not in proportion to 


the quantities of heat produced. Meſſrs. 


Lavoiſier and De la Place have endeavoured to 


ſhow that, in ſome inſtances, the quantities 


of heat evolved, and the changes of capacity, 
do not correſpond with each other; but they 
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admit that the apparent deviations from this 
law, were not greater than ſuch as might have 
ariſen from unavoidable errors in their ex- 
periments. I have made many experiments 
with a view to determine this queſtion, and 
I have uniformly found that, when bodies 
produced heat in conſequence of a change of 
form, their capacities were diminiſhed, and, 
on the contrary, that when they produced 
cold, their capacities were increaſed. _ But 
I have not yet been enabled to bring my 
experiments to ſuch a degree of accuracy, as 
to determine, with certainty, whether the in- 
creaſe and diminution of capacity were pre- 


ciſely proportional to the quantities of heat 


and cold produced. The reſults, however, 
were by no means inconſiſtant with that 


law, and did not deviate from it more 


than might naturally be expected, from the 
inaccuracies to | which ſuch experiments are 
liable. It is poſſible, as has been ſuggeſted 
by Mr. De Luc, that when a body ſuffers 
an increaſe of capacity, a quantity of elemen- 
tary fire may be chemically combined with 
it, and that when the capacity of the body is 
again diminiſhed, the heat which is evolved 
may partly depend upon the diminution of 

| its 


UPON int Har, &. Ts 


its capacity, and partly upon 2. chemical 
decompoſition. 


In order to determine whether any part 


of the heat which is abſorbed by bodies, 
when their capacities are increaſed, enters 


into a chemical union with them, a ſeries | 
of accurate experiments ſhould be inſtituted, 
with a view to diſcover the loweſt degree of 


heat, according to the method which was 


firſt propoſed by Dr. Irvine, and which has 


been briefly ſtated to the public by Mr. 


Magellan, and Meſirs. nnn and De la 5 


Place, 


If it be found that the loweſt degree of 
heat, as determined by theſe experiments, is 
conſtant, it will follow that heat does not, 
in any caſe, enter into a chemical union with 
bodies; and, conſequently, that the ſenſible 


heat and cold which they produce, when 
they undergo a change of form, ariſe ſolely 
from an alteration of capacity; but if the 
loweſt degree of heat be not conſtant, we 
may infer that a part of the heat, which is 
abſorbed by bodies, when their capacities 
are increaſed, enters into a chemical union 
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T his will be evident if we conſider, that 
the determination of the loweſt degree of 
heat, as calculated according to Dr. Irvin's 
rule, depends upon the relation which the 
diminution of the capacity bears to the in- 


ereaſe of the ſenſible heat, or the reverſe. 


Thus, in the foregoing experiments with 
pure and inflammable air, the diminution of 
capacity was 6.07, and the increaſe of the 


ſenſible heat was nearly 1300 degrees, whence 
the loweſt degree of heat was found to be 


1500 nearly; but if the increaſe of the ſen- 
ſible heat had been 2600 degrees, the dimi- _ 
nution of capacity remaining the fame, the 
loweſt degree would have been nearly 3000, 
Hence it is manifeſt that, if in ſome bodies, 
the augmentations of temperature, which are 
produced by an alteration of form, ariſe 


partly from the extrication of a portion of 


heat by a chemical decompoſition, and if, 


in other bodies, the augmentations of tem- 
. perature ariſe ſolely from a diminution of 


capacity; the zero or loweſt degree of heat, 
as calculated from the alterations of tem- 
perature and of capacity in theſe bodies, 
will vary: for, in the former inſtance, it will 
e e or 
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appear to be farther removed from the com- 
mon temperature of the atmoſphere, than in 
the latter. It is, therefore, evident that the 
queſtion ref pecting the chemical combination 
of fire will be reſolved, if a ſeries of accurate 
experiments be inſtituted, in order to diſ- 
cover the changes of capacity, which ariſe 

from alterations of form i in different bodies, 
together with the quantities of heat and cold 
produced by thoſe alterations x. In the mean 
time we may obferve that the extrication of 
heat from bodies, when they paſs from the 
ſtate of air or of vapour into a liquid, or a 


ſolid ſtate, and the abſorption of it when they 


undergo a contrary change, have been proved 
by#experiment, to depend partly upon an 


Alteration of capacity. It is, therefore, more 


agreeable to the ſimplicity of nature to con- 
clude that the phznomena ariſe folely "ou | 


| that cauſe. 


In the courſe of the foregoing experiments 
it has been ſhown, that given quantities of 
fire, or of abſolute heat, produce unequal 
alterations of temperature in equal weights 
of heterogeneous bodies; and that the quan- 


*The reader will find this ſubjeRt x more E. diſcuſſed 
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ities of heat required to produce a given 
alteration of temperature in the ſame body, 
while its form remains unchanged, is-nearly 
uniform ; from which it follows, that the 
element of fire muſt be variouſly diſtributed 
among the different claſſes of natural bodies, 
each body requiring more fire or abſolute 
heat, to raiſe it from the point of total pri- 
vation to the common temperature of the 
atmoſphere, in proportion as its temperature 
is leſs augmented by the addition of a given 
quantity of that principle. 

Dr. Irvine has proved, that when bodies 
undergo a change of form, their capacities 
for heat are, in various inſtances, increaſed 
or diminiſhed: in other words, when the 
form of a body is changed, a greater or leſs 
alteration will be produced in its tempera- 


Jate heat, than would have been produced, 
if the ſame quantity of fire had been applied 
to it, previouſly to the change of form ; and 
hence an' alteration .in the forms of bodies 
muſt neceſſarily be accompanied with an 
extrication or abſorption of heat. 
From the foregoing experiments it ap- 
pears that, by the union of dephlogiſticated 
| 5 1 an 


. Py 8 8 . 


ture, by 2 given quantity of fire or of abſo- 
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and Inflammable air, the capacities of theſe. 


fluids are greatly diminiſhed. Whence it 


neceſſarily follows, that this proceſs muſt be 


accompanied with the production of much 


ſcnfible heat. For fince the fluids hae ther 


capacities diminiſhed, at the moment of their 


union, a greater increaſe will be produced in 
their temperature, by the application of a 


given quantity of fire, than would have been, 


produced, if the ſame quantity of fire had 


been applied to them. previouſly to their 
union ; and conſequently.the ſame quantity 
of fire which, previouſly to their union, was 
ſufficient to raiſe them, from the point of 


total privation, to the common temperature 


of the atmoſphere, will now be ſufficient to 
raiſe them to a much higher temperature. 


In like manner as if a cylindrical veſſel, 


containing water, have its width ſuddenly 
diminiſhed, the water will neceſſarily riſe to 
a greater height in the veſſel. 

In attempting, therefore, to account for 
the heat produced by the union of inflamma- 
ble and dephlogiſticated air, we have diſ- 
covered a cauſe which is proved by experi- 


ment to Exiſt, and which is found to operate 


in all other ſimilar inſtances, as far as our 
| | oblervations 
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obſervations extend. The heat produced by 
the proceſs in queſtion is, conſequently, re- 


folved into a general law of nature; and this 
law ſeems to afford an adequate explanation 
of the phenomena. 

Since, therefore, the exiſtence of a cauſe, 
ſufficient to account for the appearances, has 
been eſtabliſhed by experiment, it ſeems in- 
conſiſtent with the ſimplicity of the opera- 
tions of nature, to ſuppoſe that other cauſes, 
for the exiſtence of which there is no ex- 
perimental proof, concur in the production 
of the ſame effects; for nature does nothing 
in vain, & fruſtra fit per gra; quod Neri 
potef per pauciora . 

Hence we may conclude, in general, that 
the evolution of heat from the air, in con- 
ſequence of an alteration in its capacity, is 
the true cauſe of animal heat, and of that 
which is produced by the inflammation of 
combuſtible bodies, | | 

I ſhall next endeavour to ſhow that this 
doctrine affords an eaſy ſolution of the moſt 
remarkable facts, relating to animal heat and 
combuſtion. 


* * 


* Vide Newtoni Princip, lib, iii. p. 357. 
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Heat. 


1. The above doctrine explains the reaſon 
why the breathing animals have a higher 
temperature than thoſe who are not furniſhed 
with reſpiratory organs; for it has been 
proved that the former are continually abſorb- 
ing heat from the air: And, it is probable, 


that, to provide an apparatus for the abſorb- 


tion of heat, was the chief purpoſe of nature, 
in giving» to ſo great a part of the animal 


creation, a pulmonary ſyſtem, and a double 


circulation. | 

We have ſhown that animal heat, and the 
inflammation of combuſtible bodies, depend 
upon the fame cauſe, that is, upon the 
ſeparation of abſolute heat from the air, by 
a change in its properties. 

The quantity of air changed by a man in 
a minute, is found, by experiment, to be 
equal to that which is altered by a candle, 
in the ſame ſpace of time. And hence a man 
is continually deriving as much heat from 
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382 Exverinenvs an» OnsrevarIONS 
the air, as is produced by the burning of a 
candle. 

It is remarked by e that the cold 
animals have alſo the power of keeping'them- 
ſelves at a temperature, ſomewhat higher 
than the ſurrounding medium. To account 
for this, we may obſerve, that animal heat 
depends, indirectly, upon a change produced 
in the air by reſpiration, and directly upon a 
change which the blood undergoes in che 
courſe of the circulation. 

The blood during its paſſage wing "A 
capillary veſſels, has its capacity for heat 
diminiſhed, and by this diminution is obliged 
to give out a part of its abſolute heat. The 
ſource from which it is again ſupplied with 
Heat, in ſuch of the cold animals as are not 
Furniſhed with lungs, can only bedetermined 
by experiment. It is probable, that, in 
thoſe animals, the aliment contains more 
abſolute heat than the blood. If this be the 
| caſe, the blood will be 3 —_ heat 
from the aliment. 

2. From the intereſting and dechfvwex.- 
periments which were made in heated rooms, 
by Dr. Fordyce, it appears, that the animal 
body has, in certain ſituations, the power 

| of 


vron Anixai Fram, Ke. 333. 


= producing cold, or of keeping itſelf at a 


lower temperature than the nn 
medium. 

This power has been attributed by n 
philoſophers to the evaporation from the 
Turface of the body; and indeed it muſt be 


allowed, that the increaſed evaporation will 
have a very conſiderable influence in dimi- 


niſhing the heat; but the experiments of 
Dr. Fordyce prove that the phænomenon 


does not ariſe ſolely from that cauſe. For 


the doctor, remained in moiſt air, heated to 
130 during the ſpace of 15 minutes, when 
the thermometer under his tongue ſtood at 
100; and ſtreams of moiſture ran down over 
his whole body, proceeding from the con- 


denſation of vapour, as evidently appeared 
'from a ſimilar condenſation on the ſurface 


of a Florentine flaſk that had been filled with 
water. at 100. 

He, moreover, found, in the courſe of 
his experiments, that a dog could live with- 
out much inconvenience for a conſiderable 
time in air heated to 260, the body of the 
animal preſerving very neatly its proper tem- 
perature, being never raiſed more than two 
degrees above the natural ſtandard. 
| ” _- "FR 
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From the former of theſe: expetiments it 
appears, that the animal body poſſeſſes the 
power of producing cold, in a moiſt as well 


as in a dry air; and it is manifeft that, in 


the latter experiment, the refrigeration was 
much greater than that which would have 
been produced by an equal maſs of in- 


animate matter, containing an equal quantity 


of moiſture. Whence it follows that, in 
living animals, the faculty of generating 
cold does not ariſe ſolely from evaporation. 

This concluſion is moreover confirmed by 
the experiments which follow : 


A living and dead frog equally moiſt; and 


of nearly the ſame bulk, the former of which 
was at 67, the latter at 68, were laid upon 
flannel in air which had been raiſed to 106. 

Two ſenſible thermometers were placed in 
contact with the ſkin of the animals under 
the axillz, and the order of cooling was 
obſerved during 25 minutes. 
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The thermometers being introduced into 
the ſtomach, the internal heat was found to 
be the ſame with that at the ſurface. 

Hence it appears, that the living frog 
acquired heat more flowly than the dead one. 


Its vital powers muſt, therefore, have been 


active in the generation of cold. 
To diſcover whether the cold produced in | 


this inſtance, depended ſolely upon the nes 


ration from the ſurface increaſed by. t 

energy of the vital principle, a living wor 
dead frog were. taken at 75, and were im- 
merſed in water at 93, the living frog being 
placed in ſuch a fituation as not to o interrupt 
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Since, therefore, living frogs have the 
faculty of producing cold in warm water, as 
well as in warm air; and ſince the human 
body has the ſame power in a moiſt as well 
as in a dry air, we may conclude that this 

| Cc power 
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power does nt depend e upon evapore 
tion. 1 | 
1 ſhall now eee Pa, the — 


| ing facts, to explain what appear to me to 


be the true cauſes of the cold produced by 
animals, when placed in a medium, the 
temperature of which, is above the ſtandard 
of their natural heat. AE Fog, 

From the experiments on venous and 
arterial blood, and from the calculation in 
page 357» it appears, that the capacity of the 
blood for containing heat is ſo much in- 
ereaſed in the lungs, that, if its temperature 
were not: ſupported by the heat which is 
ſeparated from the air in the proceſs of re- 
ſpiration, or from the parts adjacent, it 
would fink 200 degrees. Hence, if the 
evaporation from the lungs be ſo much 
augmented as to carry off the whole of the 
heat that is detached from the air, the arte- 
rial blood, when it returns by the pulmonary 
vein, will have its ſenſible heat greatly dimi- 
niſhed, and will conſequently abſorb heat 
from the veſſels that are in contact with it, 


and from the neighbouring parts. The heat 


- which is thus abſorbed in the greater veſſels 


will again be a in the capillaries, 
where 
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where the blood receives a freſh addition of 
the inflammable principle. If, in theſe cir- 


 cumſtances, the blood during each revolution 


were to be equally impregnated with this 
latter principle, it is manifeſt that the whole 
effect of the above proceſs would be to cool 
the ſyſtem at the centre, and to convey the 
heat to that part of the body where it is 
capable of being Oy carried off by 
evaporation. | 

But it appears from Experiment vi. 
Prop, V. that when an animal is placed in a 
heated medium, the fanguineous maſs during 
each revolution is leſs impregnated with the 
inflammable principle; for the venous blood, 
in theſe circumſtances, becomes gradually 
paler and paler in its colour, till at length 


it acquires nearly the appearance of the 


arterial; and it is proved, by. the experi- 
ments of Dr. Prieſtley, that the dark and 


 livid colour of the blood in the veins, de- 


pends upon its combination with the in- 
flammable principle in the minute veſſels. 
Since, therefore, in a heated medium, this 
fluid does not aſſume the ſame livid hue, we 
may conclude that it does not attract an 


equal quantity of the phlogiſtic principle; 


CEL | and 


388 ExrERIM NTS AND OBsERVATIONS 

Und in this concluſion we are confirmed by 
Experiments I. II. III. IV. V. and VI. 
Prop. V. which prove that the quantity of 
air which an animal phlogiſticates, in a 
given time, when it is placed in a warm 


medium, is leſs than that which it phlogiſti- 


cates in an equal ſpace of time when It is 
placed in a cold medium. | 
It follows, from theſe facts, wr the 


quantity of heat given off by the blood in 


the capillaries, will not be equal to that 
which it had abſorbed in the greater veſſels, 
or poſitive cold will be produced. If the 
blood, for example, in its paſſage to the 
capillaries, abſorb from the greater veſſels a 
quantity of heat as 200, and if, in conſe- 
quence of its receiving a leſs impregnation 
of the phlogiſtic principle than formerly, it 
give off at the extreme veſſels a quantity of 
heat only as 150, it is manifeſt that upon 
the whole a degree of refrigeration will be 
produced as 50: and this cauſe of refrigera- 
tion will continue to act, while the colour of 
the venous blood 1s gradually approaching to 
that of the arterial, till its approximation 


becomes the neareſt. poſlible i in the circumy - 


ſtances in Wiel the animal is placed, after 
which 


which it will ceaſe to operate. Thus" it ap- 
pears that, when animals are placed in a 
warm medium, the ſame proceſs which 
formerly ſupplied them with heat, becomes 
for a time the inſtrument of producing cold, 
and probably preſerves them from ſuch rapid: 
alterations of temperature as might uy fatal 
to life. 


| Upon the whole, the increaſed evaporation . 
from the ſurface, and the diminution of that 
power by which the blood, in its natural 


ſtate, is impregnated with the phlogiſtic 
principle, ſeem to be the great cauſes on 
which the refrigeration depends. 

By the firſt of theſe cauſes the animal is 
cooled at the ſurface, and by the ſecond an 
accumulation of heat at the centre is 


obviated. 
The power which animals poſſeſs of cool - 


ing themſelves at the centre, when they are 


placed in a medium above the ſtandard of 
their natural heat, ſeems to be peculiarly 


neceſſary to the preſervation of life. For as 


the heat which is received at the ſurface, in 


thoſe circumſtances, is ſpeedily carried to- 


wards the internal parts by the reflux of the 
heated fluids; if it were not abſorbed and 
Ge rendered 
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rendered inſenſible by the change which the 


blood undergoes in the lungs, the central 


beat would probably ſoon be increaſed to 
ſuch adegree as to deſtroy the vital principle, 
3- We may hence perceive the reaſon why 
animals preſerve an equal temperature, not- 
withſtanding the great variations that take 
place in the heat of the atmoſphere, ariſing 
from the viciſſitudes of the weather, and the 
difference of ſeaſon and climate. 

From the experiments which have been 


recited in proof of the fourth Propoſition, 


it appears that, in the proceſs of reſpiration, 
the difference between the purity of the 
' inhaled and expired air is ingreaſed by ex- 
poſing the animal to cold; and likewiſe 
that the difference between the colour of the 
arterial and venous blood is augmented from 
the ſame cauſe. But the quantity of fire, 
ſeparated from the air, muſt neceſſarily be in 
proportion to theſe differences. For as the 
extrication of heat from that element is pro- 
duced by its phlogiſtication, it is manifeſt 


that the more compleatly a given portion of 


air is phlogiſticated, the greater will be the 

quantity of heat detached from it. The ſame 

remark wall apply to the phlogiſtication of the 
blood, 
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blood. It follows, that as ſoon as, by expoſure 
to cold, an unuſual diſſipation of the vital heat 
is produced, the blood in the courſe of the 
circulation will begin to be more deeply im- 

pregnated with the phlogiſtie principle; it 
will, therefore, furniſh a more copious ſup- 
ply of that principle to the air in the lungs, 
and will imbibe a greater quantity of fire in 
return. Add to this, that by the tonic and- 
ſtimulant powers of cold, the veſſels on the 
ſurface- are conſtricted, the inſenſible per- 
ſpiration is diminiſhed, the blood is deter- 
mined to the lungs, the pulſe and reſpira- 


tion are rendered full and frequent, and con- 


ſequently as the cold advances in winter ſea- 
ſons, and in northern climates, the vigour 
of the animal powers will be increafed, and 
this will be accompanied with a ant ne of 
increaſe in the wan; of abſorbing heat from | 
the air. 

In ſummer, on the contrary, the reverfe 
of this will take place. The powers of life 
will be relaxed; the air will be leſs tainted 
by reſpiration; a ſmaller portion of the 
phlogiſtic principle will be attracted by the 
blood in the minute veſſels; and the quan- 
__ of fire which is abſorbed will be propor- 

Cc 4 tionally 
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tionally diminiſhed, at the ſame time that 
the evaporation from the ſurface is increaſed. 


It appears, therefore, that the heating and 


cooling powers in the animal body are ad- 


juſted to each other in ſuch a manner as to 
produce an equal effect; and, conſequently, 
the law by which animals maintain an uni- 
fotm temperature, notwithſtanding the varia- 
tions in the heat of the ſurtounding air, is 


ſimilar to that by which the temperatures 


of bodies become fixed when they have ar- 


rived at the melting or freezing points. 


When freezing water, for example, is ex- 
poſed to a cold atmoſphere, the quantity of 


elementary fire carried off by the ſurround- 


ing air, is preciſely balanced by that which 
is extricated from the water at the moment 
of its congelation. In like manner, when 
a living animal is expoſed to a cold atmoſ- 
phere, the quantity of heat carried off by 
the circumambient medium, is balanced by 
that which is detached from the blood in the 
courſe of the circulation. On the contrary, 
when ice is placed in a warm atmoſphere, 
the whole of the heat which it receives is 
rendered inſenſible; and it has been ſhown 
that, when an animal is placed in a warm 
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medium, a ſimilar extinction of the heat takes 


place. | 
Hence the Power which animals * 
of generating heat, is in all caſes. proportion- 


ed to the demand. It is increaſed. by the 


winter colds, diminiſhed ' by the ſummer 
heats ; it is totally ſuſpended, or converted 


into a contrary power, according as the exi- 


bercie of the animal may require. 

4. Among different animals, thoſe are the 
1 which breathe the greateſt quantity 
of air in proportion to their bulk; and in 


the ſame animal, the degree of heat is in 
ſome meaſure proportionable to the e 
of air inhaled in a given time. 


Theſe varieties appear to be the Been 
conſequence of the general fact, that the heat 
of the breathing animals is derived from the 
air. For if animal heat depends upon a 


change which the air undergoes in the lungs, 
it is evident that, all other circumſtances 
being equal, the greater the quantity of air 
which is changed i ina given time, the greater, 
mult be the heat produced. 


In exerciſe, . by the action of whe muſcles, 


the venous blood is returned in greater quan- 
tities. than "uſual, from the extremities, to 
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$94 ExrENIMTIWTS and Onsrivations 
the right auricle of the heart. By the 
action of the heart it is determined to the 


lungs. The ref} piration is accelerated; the 
velocity of the eirculation is inereaſed; and 


hence, a proportionable inereaſe in the 1 


tity of heat abſorbed. 

The cold ſtage of fevers is e by 
languor, a ſenſe of debility, and a diminu- 
tion in the action of the heart and arteries. 
The reſpiration is ſmall, the pulſe is weaker 
than natural the quantity of blood which 


paſſes through the lungs, in a given time, is 


diminiſhed—and hence leſs phlogiſton will 


be diſcharged from the blood, and, conſe- 


quently, leſs heat will be ſeparated from the 


air. 
In the vrograls of 4 cold ſage, a ſpaſm 


is formed upon the ſurface v. By the con- 


ſtriction of the veſſels on the ſurface, the 
blood is determined to the heart ; the heart 
is ſtimulated to more frequent and- violent 
contractions; the velocity of the blood 
through the lungs is increaſed ; the reſpira- 


tion is accelerated ; and hence a greater quan- 


tity of heat will be abſorbed. 


* See Cullen's firſt Lines of the Prafice of Phyſick. 
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We may. obſerve, that the. abſorption: of 


beat, and the accelerated velocity of the 


blood through the lungs, will act and react 
upon each other, in ſuch a manner, as that 
the heat will have a conſtant tendency to in- 
creaſe. For the accelerated velocity of the 
blood occaſions a greater abſorption of heat ; 


ſtimulating the heart and arteries 'to more 
frequent and powerful contraftions, will 
again accelerate the velocity of the blood, 
which will {till farther increaſe the abſorp- 


: tion. And, therefore, the heat will CON 


tinue to be accumulated, till counteracted 
by the operation of ſome other cauſe. From 


the ſudden diminution in the weight of the 


body, notwithſtanding the quantity of watery 
fluids that are taken in, and the obſtruction 
of the urinary ſecretion, it appears, that, in 


the hot ſtage of fevers, there is a very great 


evaporation from the ſurface ; we may, there- 
fore, conclude, that this is one of the means 
which Nature employs, for moderating the 
beat, and reſtraining the: violence of the 
diſeaſe. i 6! | | 
Another cauſe which prevents the accu- 
mulation of heat, is the cooling power of 
the 


and the increaſed abſorption of heat, by 
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396 ExENIMZ NTS AND OBSERVATIONS 
the external air. We have already obſerved, 
that the quantities of heat loſt by a body, in 
2 given time, are in proportion to the exceſs 


of its heat, above that of the ſurrounding 
medium. 


will be proportionably increaſed. 
In putrid fevers, to the accelerated velo- 
city. of the blood through the lungs, there 


is added a putreſcent ſtate of the ſyſtem ; in 
conſequence: of which, the air inhaled in 
inſpiration, will 'be more copiouſly ſupplied 
with the inflammable principle, than when 
the body is in a ſound and healthy ſtate. If, 
in the latter inſtance, the air which is re- 
ceived into the lungs, were completely 


ſaturated with this principle, the quantity 
of heat ſeparated from it, would always be 


proportionable to the quantity of air inhaled 


in a given time. But it appears from ex- 


periment, that the air which is expired by a 


healthy animal, is not completely ſaturated 
with the inflammable principle. It is capa- 
ble of being farther diminiſhed by nitrous 
air, and not more than the eighth part of it 

conſiſts 


If, therefore, the ſenſible heat of 
the body increaſe, while the temperature of 
the air continues the ſame, the quantities of 
heat carried off by the latter, in a given time, 
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conſiſts of fixed air. The quantity of heat, 


therefore, which is ſeparated from the air in 
reſpiration, will -be partly in proportion' to 


3 the quantity of air inſpired, and partly to the 


quantity of the inflammable principle * 
charged from the blood, in a given time. 
In fevers of the putrid kind, as the ſolid 


and fluid parts of the ſyſtem are in a putreſ- 
cent ſtate, and, conſequently, retain the prin- 


ciple of inflammability with leſs force; a 
greater quantity of this principle will be diſ- 
charged from the lungs, the air will be more 


copiouſly ſupplied with it in the proceſs of 
reſpiration, and will, therefore, impart to 


the blood a greater proportion of its abſolute 


heat. To theſe cauſes it is probably owing, 


that the heat of the human body never riſes 
ſo high as in putrid fevers. | 
5. Topical inflammatien is 3 


with redneſs, with tumour, and with un- 


uſual heat . From the throbbing of the 
veſſels, and from microſcopical obſervations, 


it appears, that the velocity of the blood 


through the part inflamed, is accelerated; 
and It is manifeſt, that a tendency to putre- 


- See Cullen's firſt Lines of the Practice of TRI. 
faction 
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398 ExPERIMENTS AND OpannyATIONS 
: faction muſt be produced by the violent re- 


action, and by the ſtagnation of the ſerous 


fluid which is ſometimes effuſed into the 
adjoining cellular texture. It has been al- 


ready obſerved, that the arterial blood has a 
ſtrong attraction to phlogiſton, and that by 


its union with this principle, in the courſe 


of the circulation, it is obliged to give out 
that heat which it had received in the lungs. 
In the ſtate of health, the velocity of the 
blood through the different parts of the 
ſyſtem, and the quantities of phlogiſton with 
which it is ſupplied in thoſe parts, are 
adjuſted to each other in ſuch a manner, that 
the heat is equally diffuſed over the whole. 


But, if by any irregularity, the balance be 


deſtroyed; if, by the increaſed action of the 


veſſels, the blood be urged with greater 


violence than uſual through any particular 
part, or, in conſequence of a greater tendency 


to putrefaction, be more copiouſly ſupplied 
with phlogiſton, it is manifeſt, that a greater 
quantity of heat will be extricated in that 
part, in a given time. This heat will 


ſtimulate. the veſſels into more frequent and 


forcible contractions, by which the velocity 
of the blood, and the conſequent extrication 


of 
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of wat will be, ſtill farther increaſed. _ On 
this principle we may probably account for 


the partial heats which are produced by topi- 


cal inflammations, and for thoſe which ariſe 
in hectie and nervous diſeaſes, _ 
It will hereafter appear, that the heat i is 


| accumulated in topical inflammation, by the 
increaſed velocity of the blood through the 


part inflamed, in the fame manner as it is 


accumulated upon the fuel, in combuſtion, 


by directing a ſtream of freth air into the 


the doctrine contained in the preceding pages, 


reſpecting the cauſe of animal heat, will ; 
probably lead to an explanation of the uſes of 


the ſpleen and of the lymphatic glands. 
May not the ſpleen be intended partly to 


apply a proper degree of warmth to the left 


fide of the ſtomach, and partly to ſupply the 
liver with phlogiſticated blood? As a quan- 


tity of fire is extricated during the conver- 


ſion of arterial into venous blood, in the 


minute veſſels, if the blood which is phle- 
giſticated in the ſpleen had paſſed to the liver 
in the ſtate of arterial blood, and had been 


changed into venous, in that organ, it ſeems 


evident 
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400 ExPERIMENTS AND OB8Ervarions 
evident that there would have been à re- 


| dundancy of heat in'the right hypochondriac 
region, and a deficiency of it in the left; and 


this effect would have been produced in a 
much greater degree, if the blood which 
comes, from the inteſtines had likewiſe paſſed 
to the liver in the ſtate of arterial blood. 


But in the preſent ſituation of things, the 
blood which flows through the celiac and 


meſenteric arteries, having communicated the 
heat which it had abſorbed in the lungs to 
the inteſtines, and to the left ſide of the 
ſtomach, paſſes to the liver impregnated 
with the inflammable principle; in conſe- 
quence of which it is not any longer in a 
condition to give off heat, and at the ſame 
time, by its union with the principle of 
inflammability, it is probably brought into 
that ſtate in which it is beſt fitted for the 
ſecretion of the bile. 

As to the lymphatic glands, ens is reaſon 
to believe that the arterial blood, which is 
converted into venous, in thoſe glands, at- 
tracts from the lymph a quantity of the 
inflammable principle, and communicates to 
it a portion of elementary fire. It i is proba- 


ble that the lymph, 'by: this alteration, is 
rendered 
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=. rendered more fit for becoming one of the. 9 
5 conſtituent parts of the blood. Ks by | 
n 

1 Of the | Kren Rofir relating to the Inflam- 

ed mation of Combuſtible Bodies. 

d. 1. We have proved, that the ſenfble heat 

ho in combuſtion is derived from the air, and = 
nd | depends upon the ſeparation of abſolute heat | 
he from that element. Hence it is evident, 

w that when the air, in which an inflamed 

he body i is confined, is deprived of the greater 

ed part of its abſolute heat, the ſource of in- 

a flammation will be exhauſted, and the flame 

ye: will neceſſarily be extinguiſhed.” And this. 

5 explains the reaſon, why a conſtant ſacceſſion 

of of freſh air is neceſſary to inflammation, as 

91 well as to the ſupport of animal life. 

10 2. As the ſenſible heat, which is pro- 

95 duced by combuſtion, depends upon. the 

1 ſeparation of abſolute heat from pure air, it 

1 is manifeſt that the greater quantity of pure 

** air any ſpecies of atrial fluid contains, the 

* longer it muſt contribute to the ſupport of 

as flame, as well as to the preſervation of ani- 

* mal life. Agreeably to this we find that 

5 _ quantity of pure air, contained in the '- 
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beſt dephlogiſticated air, is nearly four times 
as great as in common air; ; and Dr, Prieft- 
ley has ſhown that five times as much fenfi- 
ble heat is produced by the converſion of i 5 
into fixed air, as by that of commen air; 
for a candle will continue to burn five times 
as 1725 in the former : as in the latter . 
of air“ 

Je bas the ſenſible jak in  combultion, 
depends upon a change produced i in the air, 
it 18 manifeſt, that (all other circumſtances 
being equal) the intenſity of the heat muſt 
bein Proportion to the quantity of air which 
is changed i in a given time. And hence the 
heat may be increaſed to a very great degree, 
if a ſtream of freſh air be directed upon the 
fuel by bellows, or by the blow pipe. Uh 

We have found, that by the converſion of 
dephlogiſticated into fixed air, a quantity of 
heat is diſengaged, which would be ſufficient 
to raiſe the air ſo converted to more than 
four times the exceſs of the beat of red hot 
iron above the common temperature of the 


+ th ae reals. a ſmall portion of * pure 
air contained in atmoſpherical, is protected from the 
action of the inflammable principle, by the phlogiſticated 
air which forms one of the conſtituent parts * = 


atmoſphere. See p. 272. 
| . 
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Oe "And indeed the degree of Ther 
excited by the inflammation of combuſtible 
bodies, would not be leſs than this, "if the 
fire that is thus extricated. were applied to 
the fixed air alone, and were to remain in 
the ſame concentrated ſtate, in which i it is at 
firſt ſeparated from the atmoſpherical | fir, 

But as ſenſible heat has a conſtant tendency 
to an equal diffuſion, it will inſtaptly flow 
from the point inflamed, and ſpread. itſelf 
over the ſurrounding | bodies. It will be 


accumulated upon the fuel, abſorbed by the 


F oF — "4 


vapour, and communicated | 'to the atmoſ- 


phere. This explains the reaſon, why the, 


heat is ſo intenſe in the flame of a candle, 
and is fo greatly diminiſhed at the ſmalleſt 
Gſtance from the flame. 

e tg 4. Though it is highly probable chat al 


Ae mabi bodies have their capacities for 


containing heat changed by the alterations 
which they undergo, in the proceſſes of cal- 
cination and combuſtion, yet from the ex- 
periments which have been recited above, it 
is manifeſt, that the degree of this change is 
ry differeat i in different Were We have 
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40 that of iron, as 1.9 to 1; that the capa. 


city of the calx of antimony is to that of the 


regulus as 3.5. to 1; that the capacity of 


pure air is to that of fixed air as 4 to 1; and 
that the capacity of arterial nen is to that 


of venous as I1z to 10. 


It appears, moreover, that different quan- 


tities of the inflammable principle are re- 
quired to ſaturate different bodies. Some of 


the oleaginous ſubſtances abound more with 
this principle than others; and. a greater 
quantity of it is required to ſaturate pute air 
than an equal weight of arterial blood. 

From theſe facts it follows, that when the 
inflammable principle paſſes from one body 
to another, the changes in' the capacities of 


the bodies for containing heat will be dif- 


ferent, and unequal quantities of matter will 
be changed i in a given time. Thus, in re- 


ſpiration, the inflammable principle is ſepa- | 
— from the blood and combined with the 


air. The diminution which is produced, 
by this proceſs, in the capacity of the air 
for containing heat, is greater than the in- 
ereaſe in that of the blood; and as more in- 
flammable air is required to ſaturate pure ait 
than an equal weight of arterial blood, the 

quantity 
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quantity of the latter, which i is changed i in 


he a given time, will be ar than that of the i 
of former. 
nd When two contiguous bodies, ar be fie =—_ 
at moment, have their capacities for contain- | 

| ing heat reſpectively increaſed and diminiſh». 
n- ed, if the changes be ſuch that the whole 
e- heat ſeparated from the one is abſorbed b = - | 
of the other, no ſenſible heat or "x Wwe = 
th produced. i 
er The caſes in which this with Wipp may vn 
ir be ee in the SH ON: | 5 j 
he 0 " PaorosrmioN I. 
ly REY fo 
of LET there be . * 
f- bodies, A and B, which A B 
il have their capacities c- KO * | 
e- for containing heat D | 
* changed at the ſane f A 
he moment, the capacity of A being diminiſh- U 
d, ea, and that of B increaſed ; let the capacity 
air of A before the change, be denoted by , ; 
Ne and after the change, by c; the capacity af ; 
n- B before the change by k, and after the 1 
air change by K. Then C—c will be the dif- 
he ference of the capacities of A before and ; 
ity h D d 3 | a 
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after the change; and KK the difference 
of the capacities of B. It is affirmed, that, 
if the temperatures and the quantities of 
matter changed in a given time, be equal, 
the differences of the capacities will be as, 


the differences of the abſolute hats. 
For the capacities of bodies for receiving 


heat, are eſtimated (as was obſerved above) 
by the. comparative quantities of abſolute 


heat which they are found to contain, when 


the quantities of matter are equal, and the 
temperatures are the ſame. The temperature 


and the quantities of matter, therefore, in 
A and B being equal, the capacities will be 
directly as the abſolute heats. If the abſo- 


lute heat of A be double, that of B, the ca- 
pacity will be double, if triple, triple, &c. 


And therefore, calling the abſolute heats of | 


A and B before the change, H and p, and 
after the change h and P, it will, be, 
85 c::; H: h. And by converſion Cc: 
Hh h. For the fame reaſon 
one] K. z „ Pp ; P- But becauſe; the 
quantities, v1 matter in A and B are equal, 
and the bodies before and after the change 
are conceived to be brought to the ſame tem- 

perature, it will be, c K: Is: h. 3 
Since 


at 
tl 
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Since therefore Cme: : kx: Kk 
as H—h: h p =. . 
equality Gals KK Hax: PR 
That is, de Gifferchtes of the capacities 
are as the differences of the abſolute heats; 
the demperatüres aid che quantities of RE 
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2 le. the ifferetices- of the epi be 
ual, the differences of tlie abſolute” heats 

will be as the quantities of matter e. "DE: * 

The Game things re- i 

wälning as above, if © 68 ; - k 

the” Guantlties of mat- 2 5 


ter 1 * and B be N 


t the quantity KY matter in A T 


be increaſed; in any proportion, as © . 
in Fig. 3, and, after the increaſe, 


let it be called T. Let the abſo- © * 
lute beats be denoted by R and r, and the 


rin 11. 


* In this Mar the following e the! rt are 
y ſuppoſed te to be brought to the ſame common temperature 
| before and after the change. E 


D d : quantities 
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quantities of matter in A (or B)and Tos by 
q and Qreſpectiveia x. 

Since the capacities of A and T are 3 
the abſolute heats before the change, will 
be as war As of matter. Therefore 
; * BY: a : Q. For the ſame. reaſon the 
abſolute —— after the change, will be as 
the quantities of matter. That! is, h: T: :q: 
4 Therefore, H : R : 1 and H; 
h:: R r, and Hh: Wt: : Rr: r, and 
Hh; R: ; h: ; r. But 2 :q: Q. 
Therefore 8 R= 2 2 . 0b But 
Hh is equal to P—p. Therefors Pp: 
R—r::q: Q. And hence the differences 
of the capacities being equal, the differences 
| of the abſolute heats will be as the quanti- 
| ties of matter. r ol 


PrOPosiTION. III. 


Ide differences of the abſolute heats be 
equal, -the differences of the capacities will 
be regiprocally as the quantities of matter. 
For, by the firſt propoſition, the 
quantities of matter being given, 02 0 
the differences of the abſolute heats ' 
are ditectly as the differences of the capaci- 
ties; and, by the ſecond propoſition, the 
differences 
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differences. of the capacities being given, 
the differences of the abſolute heats are as 
the quantities of matter; it follows, that 


neither being given, the differences of the 


abſolute heats, are as the differences of the 
capacities. multiplied into the quantities of 
matter. That is, Heh is as Cc: x * 


Therefore Cc will be as 2 3 
Hb be given, 8 will be reciproily 


as Q. Conſequently if the differences f 


the abſolute heats be equal, the differences 


of the capacities will be TY as 


quantities of matter. 
Cox. I. It is, therefore, required, in or- 
der that neither heat nor cold ſhould be pro- 


duced, that the differences of the capacities 


ſhould be reciprocally as the quantities of 
matter changed in a given time. For in, 
that caſe, by the converſe of This propoſi- 
tion, the differences of the abſolute heats 
will be equal. % 

Cor. II. See the fig. Prog: ke uh 4 


fore, the diminution in the Capacity of A, 


be to the increaſe in that of B, ina greater 
proportion, than the quantity 5 matter in 
B to that in A, the whole of the heat which 

is 
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is ſeparated from: A will not be abſorbed by 
B, a part of it will become redundant, or 
will be n into 3 ſenſible: 
heat. }:: nnn ii. 5 OG 6-7 4-2: ( 

„Cor. III. The Jidbremwes of. the daptoſeles 

being reriprocally as the quantities of mat- 
tet. if the quantities of matter: changed in a 
given time be equal, the differences of the. 
capacities will be equal, : 

Cor. IV. See the fig. Prop. J. The gem 
tities - of matter changed bein ſuppoſed to 
be ee ſince it is required, 5 order that 

neither Heat nor cold ſhould be produeed, 
that H—h ſhould be equal to'P—p, it fol” 
lows that P muſt be equal to HA P- h. 

If h be equal to p, chat is, if Pha 
then PH. If h be greater than p, Ph 
will bea negative quantity; on the conttary, 
2 h de leſs than p, p—h will be pofitive: 

n the former caſe, P will be leſs than H, 
_— in the latter, it will be greater. ore 
it. 5 Land 00 

This may be otherwiſe briefly expreſſed a as 
follows: the quantities of matter changed 
being equal, let the capacity of A, after the 
change, and that of B previouſly to it, be 
called the 16g capacities of theſe ſubſtances, 
2 and 


A is equal to the increaſe in that of B, it is 


the greaze/t capacities will likewiſe be equal. 


ing inequality in the greateſt capacities; or 
in as much as the leaſt capacity of A is 
greater or leſs than that of , in ſo mueh 
muſt the greateſt capacity of the former be 
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and let the capacity of the former previouſly 


to the change, and that of the latter ſubl. 

ſequent to it, be called their min _— 

cities. 2 
eee in ods Geil 


manifeſt, that if the leaſt capacities be equal, 


But if the /zaft capacities; be unequal, this | 
inequality muſt be balanced by:a.correſpand- 


greater or leſs than that of the latter; the 


difference of the leaſt capacities being, in all 
caſes, equal to the difference of the greateſt. 
' The rule which is expreſſed in the firſt 
corollary, applies to the ſeparation of heat 
from the air, and the abſorption of it by the 
blood, in the proceſs of reſpiration. For as 


the ſenſible heat in the lungs, is not greater 
than in the other parts of the body, it is 
manifeſt, that the whole of the heat which 


is ſeparated from the air muſt be abſorbed. 
And therefore the changes produced in the 


med and the air, are ſuch, that the dif- 
ference 
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ference of the capaci ties of venous and arterial 
0 blood, is to the difference of the capacities 

_ of, 20 and atmoſpherical air, as the quan- 
tity of air changed i in a given time, is to that 
of blood: in which caſe, by the above 
corollary, no part of the heat will become 
tedundant. The oppoſite changes, there- 
fore, which the air and the blood, un dergo 
an. the lungs, preciſely balance each other. 

For as the quantity of blood, which is alter- 
ed by reſpiration, in a given time, is much 

greater than that of air, ſo the change which 

is produced in the air, during this proceſs, 

18 proportionably greater 1 that which is 

produced in the blood. 

The rule which is peu in sn 
corollary, applies to the ſenſible heat pro- 
duced in the courſe of the circulation, and 
to that which is produced by the inflamma- 
tion of combuſtible bodies. As we find, 

for example, that a part of the heat which 


is diſengaged from the blood, in its progreſs 


through the ſyſtem, becomes redundant, we 
may conclude, that the diminution in the 
capacity of the blood, is to the increaſe in 
the capacity of thoſe parts of the body from 
which it receives the inflammable principle, 
g In 


( 
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in a greater proportion, than the quantity f 
matter in the latter to that in the former 's 
in which caſe, the whole of the heat ſepa- 
rated from the blood will not be abſorbed; 
a part of it will be converted into moving 
and ſenſible heat. a 


That this nile! is > lick to the in- 


famination of combuſtible bodies; appears 


from the following obſervations 10 i 8 
ments. Fe 

In the baralba: of iron, Abe Mi ! is oon 
verted into a calx, and the Pater part of the 
common air which ſuppotts the duldet 
tion is abſorbed, either in its ſimple ſtate, 
or combined with Phlogiſton. By this pro- 
ceſs the capacity of the air for containing 
heat is diminiſhed, and that of the calx is 
increaſed; and, therefore, from the firſt and 
third Corollaries, it follows, that if, in the 
inflammation of iron, equal quantities of 
air and iron were changed in a given time, 
and if the difference of the capacities of iron 
and of its calx, were equal to the difference 
of the capacities of the air before and after 
the change which is produced upon it by its 
union with the metal, the whole heat extri- 
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riod from ud air would' e by the 
cal. hay of os 5.1 Mean 
The altcrativh: of past) which the air 
undergoes by its union with the metal" _ 
be determined as follows. 50 


It has been proved that the quantity of 


abſolute heat in the calx of iron hen 
faturated, with air, is to that contained in 

the ſame calx when the air is in a great 
meaſure ſeparated by nitrous acid and fire, 


as 6 to 4. We ſhall ſuppoſe the calx, when 


faturated with air, to contain + of its weight 
of that fluid. If we conceive he whole heat 
in the acrated calx to be divided into fix equal 
parts, the abſolute heat of that ſubſtance, 


after the ſeparation of the air, will be to its 


heat, previouſly to the ſeparation, as 2.6666 


to 6; For if the calx, after the ſeparation 


of the air, were equal in quantity to the 


aerated. calx, the heat of the former would | 


be to that of the latter as 4 to 6; but as it 
is only equal to two thirds of the acrated 
calx, it will be as 2. 6666 to 6. 

Let the difference between the heat of the 
zerated ealx, and of that ſubſtance when freed 


from air, be ſuppoſed to give the heat which 


was contained in the air during its combi- 
nation 


ICY EEE . a: -_ 
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gation, with the:metal *. It will followithat 
this heat will be repreſenteũ hy the difference 
bet wen 2. 666 and 6. That is, the heat 
ontained in the air, will be! to. that con» 
tained in the aerated calx, as 3 3334 ta 6, 
the quantity of matter in the air being one 
third of that in the calx. And, therefore, 
taking, equal quantities of. the air and the 
calx, the heat of the former will be to that 
of, the latter as 3.3334 multiplied by three, 
or as 10 to, 0 2 mehl. 884 Hebe 
to An! 1:6 bo 10 

It has. been ener ſhown that the heat 
of. the ealx is, to that of water as 1 to 4 


therefore the heat, of the combined air is to 
that of, water as 1 to 2.4; but the heat of 


pure air is to that of water as 4.75 to 1, 
therefore the heat of the pure air is to that 


os mis Aspen it is taken pas granted that the 


capacity of the calx is not altered by its combination with 


the air. It is probable, however, that it is ſomewhat in- 
creaſed.. If this be admitted, it will follow that the quan- 
tity of heat contained in the air is leſs than that which i is 
ſtated above; but this will not affect the calculation of 


me heat which becomes ſenſible during the combuſtion of 


iron; becauſe. the error in the ſtatement of the heat con- 
tained in the combined air will be balanced by a contrary 
error in the ſtatement of the heat contained i in the calx. | 


of 
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af the combined air as 11. T to 1, or as 36.4 
to 3:28, and the heat of the combined air is 
to that of the iron as 3.28 to 1. The capa. 
city of the calx of i iron is to that K tg as 
2 to 1 nearly, = 
Calling, eee the capacity urs pure 
nir in its elaſtic form 36.4; and that of the 
combined air 4.28, it appears from Cor. 1. 
Prop. III. that if the whole heat ſeparated 
from the air were abſorbed by the calx, the 
quantity of iron calcined 'would be to the 
quantity of air which is abſorbed durin 8 the 
calcination, as the difference of the capacities 
of pure and combined air, is to the difference 
of the capacities of the iron and of the calx. 
The quantity of air contaĩned in tlie calx 
being + of the whole, it follows that the 
quantity' of iron which is altered by the 
proceſs of calcination 1 is to that of air as 2 to 
1; and the difference of the capacities of 
pure and combined air is 36.4—3.28, or 
33-12. Hence, if the whole heat ſeparated | 
On oY air were abſorbed, it would be as 
: 33-12 to the difference of the capa - 
Cities ge the iron and the calx. That is, 
the exceſs of the capacity of the calx above 
that of the iron would be 16. 56 and the 
quantity 


canoity* bf heat in the iron being Expreſſed 
by unity, the capacity of the calx would be 
to that of the iron as 17. 56 to 1; but it is as 
2 to 1. Hence the heat which becomes re- 


dundant during the calcination of iron, is 


to the original heat of the iron as 1 5. 56 to 1; 
and eee e n rs. 50 to. 2, or 
„ wy; bein” her e Id tht 


It was before ana iis bodies, when 


at the common temperature of the atmoſa 
phere, contain at leaſt 1 500degrees-6f Heat. 
During the inflammation of iron, therefore, 
a quantity of tieat becomes redundant, which 


would be ſufficient to raiſe the calx 1500 


degtees 5 * oe 7 78, "of 1 es * 
Sees 2 Wat FR; 2 

Hence we may account tor the + park which 
is produced by the percuſſion of flint and 
ſteel. A particle of the metal is ſtruck off 


by the force of the flint. This particle is 


altered in ſuch à manner as to be rendered 
capable of abſorbing a portion of air. - The 
air, at the ſame moment, parts with a quan- 
tity of elementary fire, which raiſes the par- 
ticle to a red heat; _ _ the ſpark 1 is ou 
duced. ON . [ 
| BY . n Te 
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It may be difficult to determine the peculiar 
mode in which the ſtroke of the flint operates 
upon the particle of the metal; ſo as to 
render it capable of combining with air. But 
the fact is certain, for hen a quantity of 
the metal, calcined by this proceſs, is col- 
lected, the greater part of it is found to con- 
fiſt of finery cinder, or of zthiops martialis, 
which is known to contain + of its weight 
of air, the remaining portion. hang apparent · 
ly converted into glaſs. „ 

It is manifeſt, from the foregoing calcula- 
tion, that the air, which is thus combined 
with the portion of the metal that is ſtruck 
off, muſt, at the moment of its abſorption, 
depoſit a quantity of fire, which would be 
ſufficient to raiſe the calcined particle 11670 

degrees. 

That 'the phenomenon derives. its. origin 
from this ſource, is confirmed by experi- 
ments which were made on that ſubject by 
Mr. Lane; from which it appears that a 
ſpark is not produced by the percuflion of 
flint and ſteel in a vacuum. A very ſmall 
quantity of pure air is, however, ſufficient 
to produce this effect; for Mr. Kirwan has 
found that a ſpark is excited by the per- 

þ | cuſſion 


of flint and del under common  ſptini 


| water. 


It appears, noe the bote that the moſt 
important facts relating to the inflammation 
of combuſtible bodies; may readily be ex- 
plained upon the principle that the heat 
which is excited in eembultion is derived 
from the air. 

A part of this ket is abſorbed by t the 
elements into which the combuſtible body 
is reſolyed; and the reſt becomes redundant, 
or is converted into ſenſible heat; it follows, 
that the quantity of fire which is extticated 
will be in proportion to the quantity of air 


which is altered in a given time; and that 


the degree of ſenſible heat which is produced 


will be greater or leſs, in proportion as a 
leſs or a greater quantity of this fire is 


abſorbed by the bolly which err the 
inflammation. 


In the inflammation of alcohol and "TY 


phur, a very great proportion of the fire 


which is detached from the air, is imbibed 


by the aqueous and ſulphureous vapour; 
and, therefore, alcohol and ſulphur burn 
with a pale and weak flame. On the other 


hand, thoſe inflammable bodies which pro- 
. duce 
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duce little vapour, or which produce a 
vapour that. is capable of abſorbing but little 
heat, as pit- coal, oil, wax, phoſphorus, burn 
with a ſtrong and vivid flame; for, in theſe 
caſes, a great part of the fire whinh!; is yield- 
ed by the air, is converted into ſenſible heat, 
I have thus endeavoured to account for the 
phenomena of combuſtion and of animal 
heat, from the general fact that the capacity 
of pure air for containing heat is diminiſhed 
by the reſpiration of animals, and * the 
action of inflammable bodies. 
On this principle, a variety of . 
may be explained, beides thoſe Thigh | Hays 
been already mentioned. AT il 

It is probable that the vapour * pure 
aidrous. acid, contains as much abſolute heat 
as atmoſpherical air; for the power. of the 
former, in maintaining flame, is nearly as 
great as that of the latter. Hence we may 
account for the ſpontaneous accenſion of a 
mixture of oil of turpentine and nitrous 
acid. 
| When the nitrous acid is A with oil 
of turpentine, the inflammable principle is 
{ſeparated from the oil and combined with 
mb acid; the latter is forced to give out a 

portion 
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portion of its abſolute neat, part of which is 
abforbed by the baſis of the oil, and the reſt 


becomes redundant or appears in the form of 


ſenfible heat. If the ſenſible heat be in- 
creaſed to a certain degree, the acid will be 
converted into vapour, and the latter will 
ſuddenly combine with the inflammable 


principle of the oil, in conſequence of which 


a great quantity of fire will be extricated, 
and the whole will explode with a vivid 
flame, and with intenſe heat. This ex- 
ploſion - Happens in a vacuum as 'well as in 
the open air, becauſe the nitrous acid 1 8585 
is capable of ſupporting flame, 

In the deflagration of nitre, the acid is 


converted into vapour; which being at the 


fame moment united to the inflammable 
principle of the coal, the fire is inſtantly 
diſengaged, an elaſtic fluid is ſuddenly ex- 
panded, and a loud exploſion produced, 

Upon the ſame principle we may account 
for the heat which ariſes from the mixture of 
pure and nitrous air; the capacities of theſe 
fuids being diminiſhed by their combination. 

I endeavoured to determine the quantity 


of heat produced by mixing nitrous and 


fephlogiſticated air together, in the following 
Ee 3 manner. 
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4 FxPERIMENTS AND OBSERVATIONS 

manner. Three pipes were inſerted in the 
braſs veſſel G R. See plate III. fig. 3. The 
firſt of theſe pipes communicated with an air 
pump. To the extremity of the ſecond was 


ſcrewed a bladder containing dephlogiſticated 
air; and to that of the third, a bladder con- 


taining nitrous air, the communication be- 


tween the air in the bladders and that in the 


braſs veſſel being interrupted by ſtop cocks. 
The braſs veſſel was then fixed in the tinned 
veſſel A D (ſee fig. 4) and was ſurrounded 
with water; after which the common air 
was exhauſted by the air pump, and the 
nitrous and dephlogiſticated air were ſuffered 
to enter. F rom ſeveral trials it appeared that 
the heat produced by mixing two parts of 
nitrous with one of dephlogiſticated air, was 
nearly half as great as that which was pro- 
duced by burning dephlogiſticated and i in- 
flammable air together in the ſame propor- 
tions. At the concluſion of the experiments 
with nitrous and dephlogiſticated air, it was 
found that an elaſtic fluid remained in the 
veſſel, which iſſued i in the form of ſmoke, 
and which ſmelled ſtrongly of the nitrous 
acid. It is probable that a conſiderable 


quantity of heat was contained in this vapour, 


which 


dich Ws the reaſon Gf fe Jeſ hin] is 
produced by the union of theſe fluids, than 
by that of dephlogiſticated and —— 
air. 

This doctrine likewiſe affords an explana- 
tion of the heat which is produced by the 


electric ſpark. For it has been proved by 


Dr. Prieſtley that the electric ſpark dimi- 
niſhes common air, and renders it incapable 


of ſupporting flame; and the air, when it 
undergoes this change, is found univerſally 


to give out a portion of its abſolute heat. It 
js not probable, however, that the heat which 
is excited by the electric ſpark entirely origi- 
nates from this ſource, for the ſpark gives a 


_ conſiderable impulſe to the body into which 


it enters, and we know that percuſſion will 


produce heat in a vacuum. If a great quan- 


tity of electric matter be ſuddenly diſengaged 


from a cloud or from the earth, it will ex- 
tricate a proportionable quantity of fire in its 


paſſage through the air; and thus we may 

account for the ſudden riſing of the thermo- 

meter in the time of thunder and lightning. 
It is found, by experiment, that the 


phenomena ef an earthquake may be imitated 


by a mixture af iron filings and brimſtone, 


— 


E e 4 made 


= * 

rr > * * LOR PX —_— 
OS ns S A 3 7 ** 
— - "0 wy Po. 4 — 2 * — * I b. 2 


* > l N * 
TTT Drege ne TD. re Gd a S - -=3 
DS "CLE xy PI 1 52 — rr m7 > te it Ay ET. —— FA —— = 1 . l l T: __ —. 2. — 
* Le, 1 — 9 ; — 5 # A — 2 5 — — = = \ — 
= # 22 2 2 , Ps, by 1 k 23 — — * 4 l 1 . F . at — * o — — — 
a $ — | © - = Od "4 Fats, Tg 2 3 a> 
4 9 =_ . - - — —_———— x 4 3 * =. 


_ Ne 1 een oe 2 — 8 5 23 
— 8 ; of. _—_ a * 2 — 1 — Sy — ay Y 5 4 — 
A — — o—— Ü ‚——— F ——— §——— 


— got — - Ns . = KS = 
r — 3 = 2: on us 
2 vo 0s 7 Far 


424  ExPERIMENTS AND — 
made into a paſte with water, and buried i in 
the earth. May not the heat which is thus 


produced be explained in the following ; 


manner ? 


When iron filings and ba are mite 


together and moiſtened with water, the 
changes produced in theſe ſubſtances are 
ſimilar to thoſe which take place when they 
are burned in the open air. The ſulphur is 
converted into an acid, and the iron into a 
calx. The calx and acid are at the ſame 
time combined with a quantity of air or 
water, by which their weights are conſider- 


ably augmented. The ſubſtance which is 


thus united to the calx and acid, muſt either 
be derived from the common air which. is 
diffuſed through the pores of the earth, or 
from the water with which the iron and 
ſulphur were mixed. The latter appears the 
moſt probable, for the quantity of common 
air with which the iron and fulphur are in 
contact is ſo ſmall that it does not ſeem ſuf- 
ficient to ſupply them with the fluid Moen 
they attract during their union. 

When, therefore, ſulphur and iron are 
mixed together, and made into a paſte with 
water, it is probable that a part of the water 
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is' combined with theſe ſabltantes *, This 
combination muſt neceſſarily be accompanied, 


with the extrication of a great quantity of 
| ſenſible heat; for the abſolute heat contains 


ed i in the fluid, which is united to the calx 


and. to the acid, is much leſs than that con- 
tained i in water in its“ uncombined ſtate, as 


appears from a compariſon of the quantity 


of heat in water, with that which exiſts in 
the vitriolic acid, and in the calces of metals. 


The portion of the water, therefore, which 
is united to the acid and to the calx, muſt 
have its capacity for heat greatly diminiſhed. 


Hence a large quantity of elementary fire 


will be extricated, and at the ſame moment 


the remaining part of the water will be con- 
verted into vapour, by the expanſion of which 


a commotion will be excited, accompanied 


with noiſe and the eruption of flame, re- 


ſembling the phenomena of an earthquake. 
May not a ſimilar mixture of ſulphureous 
and metallic bodies be produced in conſe- 
quence of the changes which take place in 
the bowels of the earth? May not theſe 
bodies be brought into contact with the 


dee Mr, Kirwan's Eſſay on Phlogiſton, p. 102. 
water 
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water which is diffuſed through the carth's_ 
ſubſtance, or lodged in cavities beneath its 
- ſurface? May they not ſuffer the ſame 


Changes that they are found to undergo 
in the mixture of iron filings and brimſtone ? 


In which'caſe a quantity of fire will be dif. 


engaged, and an elaſtic vapour praduced, 
the latter of which, by its ſudden expan- 
ion, will excite a commotion in the bowels 


of the carth, and will at length force its way 


through the ſuperincymbent ſtrata. 
Tf much inflammable matter be lodged in 


the regions where the ſubterraneous fires 


have been kindled, and if this matter be 


mixed with atmoſpherical air, or with ſub- 


ſtances, which, by the application of heat, 
produce a fluid that is capable of maintain- 
ing fire, the inflammation may be augment- 
cd to a prodigious degree, and the rarified 


vapours may carry along with them in their. 


aſcent, a great quantity of combuſtible ma- 


terials in an ignited ſtate, by the expoſure of 


which, the inflammable principle will be 


diſcharged, and the flame extended through 


a large tract of air. 
In this manner we may 2 account 
for volcanos, thoſe awful inſtances of com- 


buſtion 


bro AML HzAr, . Jap 


buſtion which are Ay nature in the 
* kingdom . ; 


It appears, upon the whole; thats * 


of important effects are produced in the uni- 
verſe by the law of the evolution and Als 
. n. of heat. | 

Vegetables are elaborated by the affiftanes 
of heat and moiſture, from the elements of 
earth, air, and water, and by the action of 
the ſolar light, the principles of which the 
vegetable tribe is compoſed, are intimately 
combined with inflammable air, and are 
obliged to reſign a portion of their abſolute 
heat. In combuſtion, the inflammable air 


is disjoined from its vegetable baſis, and is 


combined with the purer part of the com- 
mon air; and thus thoſe artificial fires are 
miainmiied which are ſo neceſſary in the 
economy of human affairs. In like manner, 
by the powers of animal life, the inflamma- 
ble principle is ſeparated from the blood and 
diſcharged by reſpiration, in conſequence of 
which a quantity of fire is abſorbed from the 
air, and heat is communicated to the animal 


kin gdom. 


* The ſame doctrine ſeems to afford an eaſy ſolution. 


of the heat which 1s produced by fermentation and 
putrefaction. 
The 
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The air which was tainted by combuſtion 


and reſpiration, is again purified by the ac, 


tion of light upon the ſtems and leaves of 
vegetables *; *; and if this effect be produced 
by the anten of the inflammable prin- 
ciple, it follows that vegetation will reſtore 
to the air that heat which had been detached 
from it in the proceſſes of reſpiration and 
combuſtion; and thus the element of fire, 
by the medium of pure air, will be conti- 
nually circulating through the animal and 
_ kingdoms. 

It was before ſhown that the ana af 
air which an animal phlogiſticates in a warm 
medium is not ſo great as that which it 
phlogiſticates when it is expoſed to a cold 
medium. Whence it follows, that in the 
countries between the tropics, all other cir- 
cumſtances being equal, the air will be leſs 
contaminated 'by the reſpiration of animals, 
than in the temperate and frigid zones. 
And the difference between the injury done 
to the air by reſpiration in warm and in 
cold climates, will appear to be very conſi- 


derable if we recollect, that the phlogiſtica- 
tion of a given quantity of air, by an animal 


* See Dr. Frieftley's Experiments on Air, 


Ne T_T . 
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at the temperature of 5o, was found to be 
twice as great as that produced by the ſame 
animal, in an equal time, at the temperature 
of 100. In thoſe parts of tlie earth, there- 
fore, in which the contamination of the air 
26; increaſed 9 the influence of heat upon 
dead animal ſubſtances, that element ſuſtains 
leſs injury from the coſpientiog on: "Og 
animals. 
Me may add, chat 3 in the el comn- 
tries the waſte of pure air by putrefaction, i 
ſpeedily repaired by a more luxuriant goa 
tion, and a greater expoſure to ligt. 
Theſe appear to be the principal agents 
which the great Author of Nature has em- 
ployed to maintain an uniform degree of 
purity in the atmoſphere. It is poſſible, 
indeed, that many other cauſes may ooncur 
in producing the ſame effect; but it is 
evident, from the obſervations which have 
been made on the ſtate of the air in different 
parts of the world, that the cauſes which 
purify and contaminate that element, as well 
as thoſe which preſerve the balance of heat 
in the animal kingdom, are adjuſted to each 
other with admirable precifon. 
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I ſhall obſerve, in the next place, that by 


the law of the evolution and abſorption of 


heat, the Deity has guarded againſt ſudden 


viciſſitudes of + un 11 5.98 the ſurface 
of the earth. til 


For if heat were not evvived by the ro 
ceſs of congelation, all the waters which 
were expoſed to the influence of the external 
air, when its temperature was reduced below 


32, would ſpeedily become ſolid; and at 


the moment of congelation, the progreſs of 
cooling would be as rapid as it was before 


the air had arrived at the freezing point. 
This is manifeſt from what was formerly 


- obſerved reſpecting the times of the congela- 
tion of different fluids: it was ſhown, that 


if the velocities of the ſeparation of heat were 


equal, the times of the congelation would 
be in proportion to the quantities of heat 

which the fluids gave off from an internal 
ſource in the freezing proceſs. Whence it 


follows, that if no heat were evolved, the 


congelation would be inſtantaneous, 


In the preſent ſtate of things, as ſoon as 


the atmoſphere is cooled below 32, the 


waters begin to freeze, and at the ſame time 
to evolve. heat; in conſequence of. which, 
whatever 


„ 


1 
ovon Ariat, * bee. _ 


| — air, the 3 maſs remains at 


32, until the whole is congealed *. And as 
the quantity of heat extricated in the freez- 
ing of water is conſiderable, the progreſs of 


1 in large maſſes, is very flow. 


Hence, in the northern and ſouthern re- 
gions, upon the approach of winter, a quan- 
tity of elementary fite is extricated from the 
waters, proportional to the degree of cold 


that prevails in the atmoſphere. Thus the 
ſeverity of the froſt is mitigated and its pro- 
greſs retarded; and it would ſeem that dur- 
ing this retardation of the cooling proceſs, 


the various tribes of animals and vegetables 
which inhabit the circumpolar regions, 
gradually acquire the 1 of n its 
inflaence, 

On the contrary, *, in the n 50 ice, 
a quantity of heat were not abſorbed and 
rendered inſenſible, that 3 when it 


. That the abſorption and extrication of heat in the 
melting and freezing of bodies, has a tendency to retard 


the progreſs of theſe proceſſes i is remarked * Mr. Wilkie 
in his Eſſay on Latent Heat. 


The ſame doctrine is likewiſe A * Dr. Black in 


bis lecdures. | 
4 Was 
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I ſhall 6bſerve, in the next place, that by 


| As law of the evolution and abſorption of 


heat, the Deity has guarded againſt ſudden 


For if heat wet not ten by the gr. 
ceſs of congelation, all the waters which 


were expoſed to the influence of the external 


air, when its temperature was reduced below 


"0 325 would ſpeedily become ſolid; and at 


the moment of congelation, the progreſs of 
cooling would be as rapid as it was before 


the air had arrived at the freezing point. 
This is manifeſt from what was formerly 


-obſerved reſpecting the times of the congela- 
tion of different fluids: it was ſhown, that 
if the velocities of the ſeparation of heat were 
equal, the times of the congelation would 


be in proportion to the quantities of heat 
which the fluids gave off from an internal 
ſource in the freezing proceſs. Whence it 
follows, that if no heat were evolved, the 
5 would be inſtantaneous. 

In the preſent ſtate of things, as ſoon as 


the atmoſphere is cooled below 32, the 


waters begin to freeze, and at the ſame time 
to evolve. heat; in conſequence of which, 
whatever 


viciſſitudes of Beat: _ n ou the e 
of the earth. 


* 


| | * 
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nay be the degree of culd in the 


external air, the freezing maſs remains at 


32, until the whole is .congealed *. And as 
the quantity of heat extricated in the freez- 
ing of water is gonſiderable, the progreſs of 


1 in large maſſes, is very ſlow. 


Hence, in the northern and ſouthern re- 
gions, upon the approach of winter, a quan- 


tity of elementary fite is extricated from the 


waters, proportional to the degree of cold 


that prevails in the atmoſphere. Thus the 


ſeverity of the froſt is mitigated and its pro- 


greſs retarded ; and it would ſeem that dur- 
ing this retardation of the cooling proceſs, 


the various tribes of animals and vegetables 


which inhabit the circumpolar regions, 


gradually acquire the m of — its 
influence. 

On the contrary, b. in the n af ice, 
a quantity of heat were not abſorbed and 
rendered inſenſible, that ſubſtance, when it 


* That the abſorption and extrication of heat in the 
melting and freezing of bodies, has a tendency to retard 


the progreſs of theſe proceſſes is remarked by Me. Wilkie 
in his Eſſay on Latent Heat. 


The ſame doctrine is like wiſe ME hs Dr. Black in 
bis lectures. | 
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was expoſed to a medium warmer than 3a, 
would ſpeedily become fluid, and the pro- 
greſs of Heating would be as rapid as if no 
alteration in its form had taken place. If 
1 things were thus conſtituted, the vaſt maſſes 
of ice and ſnow, which are collected in the 
frigid zones, would, upon the approach of 
ſummer, ſuddenly diſſolve, and great in- 
undations would annually overflow the re 
near to the poles: 
But, by the operation * the fon 1 the 
abſorption: df. heat, when the ice and ſnow, 
upon the return of ſpring, have arrived at 
32, they begin to melt, and at the ſame time 
to imbibe heat. During this proceſs a large 
quantity of elementary fire becomes inſenſi- 
ble, in conſequence of which the earth is 
ſlowly heated, and thoſe gradual changes are 
produced which are eſſential to the preſerva- 
tion of the animal and vegetable kingdoms: 
We may remark, in the laſt place; that 
this law not only reſiſts ſudden changes of 
temperature, but that it likewiſe contributes 
to a more equal diſtribution of the principle 
of heat, throughout the various parts of the 
earth, in different ſeaſons and climates; 
Thus the diurnal heats are moderated by the 
evaporation 


uro ANIMAL Hear, we a 
evaporation of the waters on the earth's ſur- 
face, a portion of the fire derived from the 
ſan being abſorbed and extinguiſhed by the 
vapours at the moment of their aſcent. On 


the approach of night the vapours are again 
condenſed, and falling in the form of dew, 
communicate to the air and to the earth, the 
fire which they had imbibed during the day. 

It was before ſhown, that, in the regions 


near to the poles, when the vernal and ſum- 
mer heats prevail, proviſion is made for 


tempering the ſeverity of the winter colds; a 
quantity of elementary fire, upon the diſ- 
folution of the ice and ſnow, being abſorbed 
by the waters, and depoſited as it were in a 
great magazine, for the purpoſe of mitigat- 
ing the intenſity of the cold when the froſt 
returns. 

From the. Kityeritients of Hales, Halley 
and Watſon, it appears, that vaſt quantities 
of water are continually converted into 
vapour, by the action of the ſolar rays upon 
that portion of the earth's ſurface which is 


expoſed to the light. And by the celebrated 


diſcovery of Dr. Black, it is proved, that, in 
the proceſs of evaporation, much elementary 


fire is abſorbed. It is manifeſt, that this 
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cauſe will have a powerful influence in miti- 


eating the intenſity of the heat, in the torrid 


zone, and in promoting a more equal dif. 


fuſion of it throughout the earth. For a 
_ conſiderable portion of the heat, which is ex- 
cited by the action of the ſolar rays upon the 
earth's ſurface, within the tropics, is ab- 
| ſorbed by the aqueous vapours, which being 
collected in the form of clouds, are ſpread 
like a canopy over the horizon, to defend the 
ſubjacent regions from the direct rays of the 
ſun. A great quantity of elementary fire is 
thus rendered inſenſible in the torrid zone, 
and is carried by the diſperſion of the vapours 
to the north and- to the ſouth, where it is 
gradually communicated to the earth when 
the vapours are condenſed. 

It was before obſerved, that the doctrine 
which i 1s advanced in the preceding pages, 
with reſpect to the cauſe of animal heat 
and of combuſtion, is the reſult of the 
general fact, that the changes which are pro- 
duced in the temperatures of different bodies, 
by the application of given quantities of heat, 
are. different; or, that, the quantities of 
matter being equal, the ſame quantity of heat 
which raiſes one body a certain number of 

degrees, 
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degrees, will raiſe another, a greater or a leſs 
number, according to the nature of the body 
to which it is applied. This fact ſeems 
to have been ſufficiently verified by experi- 
ment; and, therefore, the conſequences which 
have been deduced from it, do not appear 
to be connected with any Narbe denn 
ing the nature of heat. 

For this reaſon, I have not dire inte 
the enquiry, which has been ſo much agi- 
tated among the Engliſh, the French, and 
the German philoſophers, whether heat be a 
ſubſtance or a quality. It is true, I have, in 
ſome places, made uſe of expreſſions, which 
ſeem to favour the former of theſe opinions. 
But my ſole motive for adopting this lan- 
guage, was, becauſe it appeared t6' be more 
ſimple and natural, and more conſonant to 
the facts which had been eſtabliſhed by ex 
periment. At the ſame time, I am perſuad- 
ed, that it will be found to be a very difficult 
matter to reconcile many of the phenomena 
with the ſuppoſition, that heat is a quality. 
It is not eaſy to conceive, upon this hypo- 
theſis, how heat can be abſorbed in the pro- 
ceſſes of fuſion, evaporation, combuſtion ; 
how ad quantity of heat in the air can be 

F f 2 dimi- 
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diminiſhed, and that in the blood, increaſed, 
by reſpiration, though no ſenſible heat or 
cold be produced. | 

| Whereas if we adopt the opinion, that 
Bret is a diſtinct ſubſtance, or an element 
ſui generis, the phenomena will be found to 
admit of a ſimple and obvious interpretation. 
Fire will be conſidered as a principle, 


which is diſtributed in various proportions 
throughout the different kingdoms of nature. 


The mode of its union with bodies, will 
reſemble that particular ſpecies of chemical 
union, wherein the elements are combined 
by the joint forces of preſſure and of at- 
traction. Of this kind is the combination 
of fixed air and water; for fixed air is retain- 
ed in water partly by its attraction to that 
fluid, and partly by the preſſure of the ex- 
ternal air; and, if either of theſe forces be 
diminiſhed, a portion of the fixed air eſcapes. 
In like manner, it may be conceived, that 
elementary fire is retained in bodies, partly 
by its attraction to thoſe bodies, and partly 
by the action of the ſurrounding heat; and, 
in that caſe, a portion of it will be diſ- 


engaged either by diminiſhing the attractive 


force, or by . the temperature of the 
| circum- 
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circumambient medium. If this be admitted, 1 
it will follow, that, by the alterations which = 
the air and blood undergo in the proceſs of . 
reſpiration; the attraction of the former to 4 
fire is diminiſhed, and that of the latter in- i 
creaſed, in conſequence of which the fire 4 
paſſes from the air to the blood; and that, 

in combuſtion, the fire is ſeparated from the z 
air by the action of the inflammable princi- . 
ple, in the ſame manner as the nitrous acid i 
is detached by the n from an earth 7 
oralicalfc!..:-:: 4 f 

If, however, hire be a ſubſtance Which i is 9 
ſubject to the laws of attraction, the mode of vj 
its union with bodies ſeems to be different Ti 
from that which takes place in chemical | Fe) 
combination. For, in chemical combina- | f 
tion, the elements acquire new properties, 35 
and either wholly, or in part, loſe thoſe by [0 
which they were formerly characterized. KY 
But I have before endeavoured to ſhow, that 8 
we have no ſufficient evidence for believing 5 
that fire, in conſequence of its union with 
bodies, does, in any inſtance, loſe its diſ- 
tinguiſhing properties. = 
I may add, in the laſt place, that a table | = 
ſhould be formed, exhibiting the compara- _. 
. tive 
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tive quantities of fire contained i in all known 


bodies. Gel. 


Inflammable air ſhould Ex Mine at the 
head of this table, under which ſhould ſtand, 
dephlogiſticated and atmoſpherical air the 


vapour of the nitrous acid, and probably of 
ſome'other fluids—arterial blood, water, &c. 


Much time, and a ſeries of accurate ex- 
periments, are ſtill required, in order to the 
complete inveſtigation of this ſubject. There 
are few ſubjects, however, which have a 


better :laim to the attention of Philoſophers, 
The proper adjuſtment of heat is of the 


utmoſt moment to the health and life of 


animals. An enquiry, therefore, into the 


cauſes which maintain the balance of heat 


in the animal economy, will probably give 

riſe to improvements in the e nnd 
cure of diſeaſes. 

Many of the chemical arts wholly depend 

upon a nice regulation of heat, It is reaſon- 


able to believe, that thoſe arts may be im- 


proved, and the conveniencies of life mul. 
tiplied, by an attention to the theory and 
3c 896; winds of fire. 

The proſecution and edranctment of this 
ſubject is, moreover, calculated to extend 


Our 
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our knowledge of the ſyſtem of the world; 
for the operations of the element of fire hold 
a principal place in the ſeries of cauſes, by 
which the adjuſtment of the univerſe is 
maintained. As the law of gravity, com- 
bined with the projectile force, regulates the 
motions of the great bodies which compoſe 
the planetary ſyſtem; ſoat is the repulſive 
force of fire, combined with corpuſcular at- 


traction, that keeps the ſmaller particles of 
matter upon the ſurface of the earth, and 


probably throughout the univerſe, in a ſtate 
of conſtant fluctuation; and there is little 
doubt that the improvements of chemiſtry 
will, at ſome future period, diſcover the 
ſame exquiſite contrivance in the arrange- 
ment of the more minute parts of Nature, 
which the improvements of natural philo- 
ſophy have ſhown to prevail in the planetary 
ſyſtem. 
I ſhall farther . that mah ſpecu⸗ 
lations have a direct tendency to influence 
the moral character of man. It is this, 
indeed, which ſtamps them with their 


principal value; for all the other improve- 


ments, which may be ſuppoſed to ariſe from 
the cultivation of Nature, if they were un- 
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accompanied with a correſponding advance. 


ment in morals, could ſcarcely be conſidered 


as bleſſings. It is ſurely of very little mo- 
ment to us, that we ſhould procure the means 
of gratifying our deſires, if we do not at the 


ſame time acquire the habit of regulating 


them. Could the increaſe of power be desm- 
ed a benefit, if it were uſed as a ſcourge; or 
of wealth, if it were made the inſtrument of 
corruption; or of knowledge, if it were 
employed to deceive? 

The inveſtigation of Nature is, however, 
peculiarly calculated to inſtruct us in that 
moſt important of all arts, the art of living. 
To whatever height we may aſcend in tracing 
the cauſes, which regulate the ſyſtem of the 
world, our views mult at laſt terminate in 


an uncauſed Being, in whom all the beauty 
and order, all the wiſdom and power diſ- 


played throughout the univerſe, . are center- 
ed, Every ſtep which we advance in the 
cultivation of natural knowledge, contributes 
more firmly to eſtabliſh this great truth; 
becauſe it affords an additional proof of ex- 
quiſite {kill and contrivance in the formation 
of the world. By thus ſhowing us the 
Deity in his works, the contemplation of 
| nature 


5 Py 
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nature leads to conſequences, in the higheſt, 


degree. intereſting to intellectual and moral 
agents. When we look around us, we per- 
ceive that every part of the material world is, 
governed by general laws; and when we er 
flect that, in this vaſt ſyſtem of things, a a 
race. of Beings exiſts, to whom the Deity 
has communicated a portion of his intelli- 
gen ce and activity, We cannot avoid concluds' 


ing, that laws muſt have been ordained for 


the government of ſuch Beings, as as well as 
for that of all other parts of the univerſe. 

Indeed, an attentive obſervation of human 
Nature, clearly points out the hand of the 
Deity, preſcribing limits to the intellectual, 
as well as to the material world; for, in 
the original feelings and judgments of the 
human mind, there are evident traces of a 
moral law, which is antecedent to all poſi- 
tive inſtitutions, and which muſt conſequent- 
ly have been written on the heart of man by 
the ſpirit of the Almighty. | 


Moreover, in contemplating the plan of 


the univerſe, we perceive that the whole is 
arranged into one great ſyſtem; that an un- 
interrupted chain of connection extends 
throughout * various claſſes of Beings; 
that 
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that nothing in Nature is quieſcent ; that 
the paſt has- been ſubſervient to the preſent, 
as the preſent will be to the future; in a 
word, that all things are in a ſtate of pro- 
greſſion, and apparently tend towards the 
accompliſhment of a great deſign, which 
ſeems to have influenced the whole ſeries of 
events ſince the creation, and which proba- 
bly will not be completed, till the preſent 


ſcene of things is cloſed by the diſſolution of 
the material world. oy 


Tf we compare the various claſſes of Be- 
ings, which fall within the reach of our 
obſervation, we perceive that intelligent and 
moral agents hold the higheſt rank; and, 
conſequently, of all the laws which regulate 
the ſyſtem of Nature, thoſe that have been 
eſtabliſhed for the purpoſe of maintaining 
harmony and order in the intellectual world, 
muſt be the moſt important. 

It-is thus that a juſt eſtimate of the value 
of the ſeveral objects which preſent them- 
ſelves to our view, in a general ſurvey of the 
univerſe, informs 'us, that obedience to the 
moral law conſtitutes the ſupreme perfection 
of the moſt exalted orders of created Beings ; 


and as conſummate moral excellence is the 
higheſt 


* 
S. 


- von: AUMAL HeaTy &. 43 
miſs point of eminence, whieh the imagi⸗ 


nation can conceive an intellectual nature to 


attain, we are led to were this as the firſt 
attribute of the Deity. 6410494 l 

Hence, in el add che final cauſes of 
the: ſyſtem" of the world, there are none 
which appear more important, or more 
worthy of an infinitely perfect mind, than 
that the univerſe ſhould be conſidered as 


formed for the purpoſes of communicating 


happineſs to ſenſitive Beings, and of training 
intellectual and moral 2 in the een 
ments of wiſdom and virtue. | 
Indeed, the beſt deductions of W rea- 
ſon concur with revelation in aſſuring us, 
that the attainment of moral excellence is 
the principal object of the creation. This 
it is which gives unity and perfection to the 
whole. We ſee that a great quantity of pre- 
ſent happineſs is continually ſacrificed to it; 
that it is frequently purſued through danger, 
and difficulty, and diſtreſs; nay, that on 
ſome occaſions it is ſought after in the midſt 


of commotions, which convulſe the frame 


of Nature, and which carry in their train 
deſolation and ruin. In fine, we have rea- 


ſon to believe, that the advancement of moral 


3 excellence 
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excellence is the ultimate point, towards 
which the movements of this vaſt ſyſtem 
are directed; and, as it ſeems to have been 


the great final cauſe which gave riſe to the 


creation of the material world, ſo it is pro- 
bable, that it will be the * aim of 
the Deity in its diſſolution. | 


The tendency of ſuch Fnoulatipoe ts * in- 
fluence the human character is obvious. In 


an enlightened age, the ſtate of morals among 
mankind, principally depends upon the di- 


rection which is given to the collective exer- 
tions of genius, and of intellectual ability. 
If the efforts of genius and of intellect be 
concentrated upon ohjects which are uſefol 
and important, and particularly upon thoſe 
which enlarge and elevate the mind, the 


| manners of the people will be virtuous; _ 
af the reverſe, they will be depraved. 

the cultivation of natural knowledge, 5 
intellectual faculties of man are employed in 
inveſtigating the laws which regulate the 


courſe of Nature, and in tracing them to 


their divine original; and nothing ſurely 
can have a greater tendency to elevate and 
enlarge the mind, and to add weight and 
| dignity to the * law, than reſearches 


which 


— 
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which terminate in that auguſt Being, who 
is the primary cauſe of exiſtence, and of 
motion in the material world, and to whom 
the various orders of intellectual and moral 
agents, throughout the univerſe, are related 
as their Creator, their Lawgiver and Judge. 
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Ms it may perhaps be imagined that the 
£ A. differences between the heats im- 
parted by pure and common air, in the ex- 
. . . | « % 
periments recited in the foregoing work, 
were ſo ſmall that they could not be diſ- 
tinguiſhed with ſufficient certainty ; I think 
it proper to obſerve, that I have repeated 


thoſe experiments with thermometers that 


have each degree of Farhenheit's ſcale, divid- 
ed into 50 equal parts, With a view to 
prevent the eſcape of the heat, each of 
the tinned veſſels G H, I K, (ſee plate II.) 


was ſurrounded with another tinned veſſel, 


which exceeded it in breadth nearly one inch, 


and the intermediate ſpace was ſtuffed with 
fine down. The mouths of the interior 
veſſels were cloſely covered by lids, which 
were lined with thick flannel. 
The thermometers were inſerted in the 


veſſels to ſuch a depth that their bulbs 


ſhould reach a little lower than the center. 
BY Oe = 


> 


— BD 
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An apparatus was contrived for agitating 


the water when the veſſels were covered, 


and the lids were formed in ſuch a manner 
that they could be *pplicd, after the cylinders 


were immerſed. _ 

For the purpoſe of trying the accuracy of 
the apparatus, equal quantities of common 
air were introduced into the cylinders de- 


ſcribed in page 178. The cylinders were 


heated in the manner formerly explained, 
(ſee p. 186.) They were immerſed in the 
tinned veſſels, containing equal quantities 
of water, at the temperature of the at- 


moſphere, and the mouths of the veſlels 
were cloſed to prevent the acceſs of the ex- 
ternal air. Being ſuffered to remain in this 
ſituation during 12 minutes, they were re- 
moved; the veſſels were again covered; the 
water was agitated; and the heats communi- 
cated were accurately obſerved. 

This experiment was frequently repeated 
with common air in both cylinders, and it 


appeared that the deviation, in the reſults 


of the different trials, was two degrees, as 


eſtimated by the above-mentioned thermo- 


meters, or 5s of a degree of Farhenheit. 
Dephlo- 
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Dephlogiſticated air was then introduced 


into one of the cylinders, and common air 
into the other; and it was found that when 
the former was nearly of the ſame ſtandard 


with that uſed in Experiment II. p. 190, 


the exceſs of the heat which it imparted, 
above that communicated by the common 
air, was eight degrees ; and when the pureſt 
dephlogiſticated air was uſd, om exceſs was 
nearly 13 degrees *, 

It is proper to obſerve, that the agitation 


of the water was eſſential to the ſucceſs of ; 


this experiment; for though the bores of 


the thermometers were very fine, yet, in 


order to obtain a large ſcale, it was neceſ- 
ſary that the bulbs ſhould be of a conſider- 
able ſize. 

And hence when one' of chaſepſlecients 
was immerſed in water, which had a higher 
temperature than itſelf by three or four de- 


The reſults of theſe experiments * y correſpond 
with thoſe which have been recited above. (See p. 190.) 
For the difference in eee of dephlogiſticated air, by 
my former trials, was F of a degree of Farhenheit; and 
eight degrees, as meaſured by the thermometers, which 
were uſed in my laſt e are equal to r of a 
degree of Farhenheit minus vr · 
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grees; if the Water was kept in d ſtate of - 


reft, an interval of feverdl minutes elapſed 
before th thermometer arrived at th eAact 


temperature of the fluid with which it Was 


in contact; but if the water was thodetatdly 


_ agitated, che thermometer acquitedthe ſame | 


temperature 2 it in leſs” thin Ralf" a 
minute, . 4; iy 


The ſoates of thets SC | 


divided upon thin braſs plates, which were 
fixed to flat pieces of wood. The degrees 


| were rendered much more diſtinct by puint- 


ing black the portion of the tube that was in 

contact with the ſcale; an improvement 
which was firſt ſuggeſted to me by 1970 
worthy: end _ . nn 


The epd recited in bebe 88; 
that the comparative quantities of \ab/o/ufe 


heat in bodies, are reciprocally proportional 


to the changes produced in their /enfible 
heats, when they are mixed together at diffe- 


rent temperatures, may be proved geometri- 


cally as follows. See figures 3 and 4, plate 
IV. Let 46e d, eg repreſent the quanti- 
ties of heat contained in equal weights of two 
heterogencous bodies A and B, which have 

G g a com- 
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2 common, temperature. The temperatures 
will be expreſſed by the equal lines die, ef; 


and the capacities by 4 d, e b. Let B be 


raiſed to a higher. temperature than A 

and let its increaſe of temperature be ue 
preſſed by the line e &, the augmentation of 
its abſolute heat will be expreſſed by the 
figure el. Let the bodies now be mixed 
together, and when they have been brought 
to a common heat, let the diminution: of 
temperature in B be expreſſed by the line +3, 
and the increaſe of temperature in A, by the 


line do... do and I will be reciprocally 


proportional to the quantities of heat in A 
and B, when they are brought to a common 


temperature. For n expreſſes the quan- 


tity of abſolute heat which is ſeparated from 
B, and d that which is added to A; there- 
fote ad = A u, and conſequently :: 04: : 


nin. But, becauſe the figures 2c and 


79 have the ſame altitude, it will be as 20: 
3m;:nc:i1ig; therefore as nc: ig: : ti: 
d. That is, the quantities of abſolute heat 
in A and B, when they are brought to a 
common temperature, are reciprocally pro- 
portiona] to che variations in their ſenſible 
2 heats, 


Fan EEE EY ed 
Heath, When? "they are med together er dif- 


ferent temperatiifes, © * ie 


The comparative heats expreſs the du 


tities of abſolute heat when the weights and 
temperatures are equal. ' See definition, p- 3. | 
And 1 4 and B have equal temperatures 
and weights, it follows, that 2 c and 7 g may 
be uſed to expreſs the comparative heats. 

Hence, if we call the comparative heats 
of A and B, C and c; and if We call the 
variation of temperature in the former x, and 


in the latter y, it will be as C: * * 5 * 5 


therefore C= 2 —. By this equation the 


comparative Bete of bodies may be cal- 


culated when the quantities of matter, em- 
ployed in the experiments, are equal. 

If the quantities of matter be unequal, 
the equation will be as follows: The capa- 
cities are proportional to the comparative 
heats, See definition, p. 7. 

Let C expreſs the capacity, or the com- 

parative heat. 
T the temperature. 
A the abſolute heat. 
Quhe quantity of matter. 5 
68g 2 * 


452 A PFREN DI X. 

It was before own, page 21, that if Q 
be given, A is as C * T; and if C and T 

be given, A will be as Q. That is, if che 
capacities and temperatures be equal, the 

quantities of abſolute heat will be as the 
quantities of matter. This appears from the 
obſervations in page 17. If, therefore, the 
capacities, the temperatures, and the quan- 
titics of matter vary; that is, if neither C, 
T, nor Qbe given, in that caſe A will be 
as C * T* * "Coalrquently: CO: will be 

U. and if A be given, C will be re- 
ciprocally as T Q. That is, if the quanti- 
ties of abſolute heat be equal, the capacities 
will he reciprocally as the temperatures mul- 
tiplied into the quantities of matter. 
Let C and c be the capacities of two 
bodies, A and B. 
4 and Q the quantities of matter. 
T and ? the temperatures. 


It will be O: 9172 = 7 T. and therefore 


The reader will obſerve, that as the capa- 
cities are ſuppoſed to 'be permanent, ? and 
T expreſs univerſally the variations of tem- 
5 perature 
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of ſeparation of equal quantities of fire; Fob 
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peratut te which are produced by the addittoh 


theſe variations, multiplied int the, quit 45 
ties of matter, will always be 1 recipro, 
proportional to the capacities; and = 
when two bodles are mixed together 

ferent temperatures, the fire which" $7 
rated from the wrartner is the fame e 
which is added to the colder; and T md 
be uſed to expreſs the variatibns of ps, 


ture produced by the ſeparation and addition 
of this fire. Hence t and T have the fare 


value with. y and * in the foregoing eqüs- 


tion, G9 therefore © = N. By this | 
equation the comparative heats may be cal- 


culated when unequal quantities of matter 
are employed in the experiments. 

An equation for calculating the loweſt 
degree of heat may be obtained as follows : 
See fig. 5, plate IV. Let e repreſent the 
whole quantity of fire contained in a body 
A, and let eg repreſent its capacity, and ef 
its temperature eſtimated from 6 loweſt 
point. Let this body be ſup ppoſed to have 
its capacity diminiſhed by a Ek of form, 


and after the change let the capacity be re- 
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preſented by the line d a, its temperature by 


dc, and the quantity of fire which it con- 
tains by db.. If the body be ſuppoſed not 


to. be i in contact with any other body which 


can communicate elementary fire to it, or 
ſeparate t that principle from it, the quanti- 
ties of fire. before and after the change will 


be eg ual; that i is, 4 5 will be equal to eb, 


and 3 therefore eg—gh:gh:: 


| db : 7 that is, the difference of 5 


capacities before and after the change, is to 


the capacity, after the change, as the ſenſi- 


ble heat produced, is to the whole number 
of degrees of heat which the body contained, 
previouſly to the alteration in its form. 


Let therefore C expreſs the capacity before 


the change. 8 
c the capacity after the 
. 3 change. | 
| 8 5 the ſenſible heat produced, 
1 S the whole number of de- 
grees « of per (previouſly to the change) eſti- 
mated from the point of total privation, 


Then C—e: e2 A 135 
weden s-. 


ar 


tc 


0 


„ YT we © 


3 


quence of a chemical action, ariſes from a 


together be equal. 
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By this equation we may calculate the 
loweſt degree of heat, if the ſenſible heat, . 
which a body produces, i in conſequence | of 
a change of form, and the capacities before 
and after the change, be given. 

There is reaſon to believe, from the eK. 
periments of. Dr. Irvine, that the fenfible ; 
heat or cold produced by mixing bodies 
together at the ſame temperature, in W 


— 


diminution, or an increaſe, in the ſum of - 
the Capacities. The loweſt degree of Beat, 
as deduced from ſuch experiments, 1 be 
calculated in the following manner 
1. Let the 8 of matter mixed - 
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Let C e be the) 5 15 of the capacities 
before the mixture. # 
K + & the ſum of the e after 
py the mixture. '5 51 ; 
Then C+omR+p: K+#: 4 14 
— E + K+4-1 189 191; tos. - | 
and 8 = "Corn Kit! 030% 3 
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2. Let the quantities of matter mixed # 
together be unequal, .and.let Qand 7 be the. i 
quantities of matter. 

6g 4 ' Then f 
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Hence, if two bodies, which produce 
ſenſible heat or cold by chemical action, be 


mixed together at the ſame temperature, and 


if the quantities of matter, the capacities 
befare and after the mixture, and the ſenſible 
heat or cold produced, be given by experi- 


ment, the loweſt degree of * will Yo 


known by calculation. 

It was before obſerved, that the FRY 
reſpecting the chemical combination of fire 
with bodies would be reſolved, if a feries of 
accurate experiments were inſtituted, in or- 


der to diſcover the changes of capacity which 
_ ariſe from alterations of form in different 
bodies, together with the quantities of heat 


and cold produced by thoſe alterations. 
If it be found that. the loweſt degree of 


heat, as calculated from ſuch experimegts is 


conſtant, it will follow that heat does not, 
in any caſe, enter into a chemical union with 
bodies, and conſequently that the ſenſible 
heat or cold which they produce, hen they 
undergo + a —_ of form, ariſe ſolely from 

alerations 
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alterations of capacity; but if the loweſt 


degree of heat be not conſtant, we may in- 
fer that a part of the heat, which is abſorb- 
ed by bodies, when their capacities are in- 
creaſed, enters into a chemical union with 


them, and loſes its diſtinguiſhing properties. 

The following ſeries of well conducted 
experiments, which were communicated to 
me by Mr. Gadolin, Profeſſor of Chemiſtry 
at Abo, in Sweden, ſeem to afford a ſtrong 


preſumption that the loweſt _— of heat 
18 conſtant. | 


Rur of Mr. Gadolin's Baa, on the 


abſolute heat of Bodies, publiſhed in the | 


Memoirs of Stockholm for 1984. 


The capacity of ſnow is ſtated by Mr. 
Magellan, in his Eſſay on Fire, to be to that 
of water as g to 10. Taking this for grant» 
ed, I, by direct experiments, found that 
ſnow, in melting, deprives an equal weight 


of water of about 80 degrees of heat accord- 


ing to Celſius's thermometer. This being 
equal to , of the whole quantity of heat 
contained in water at the melting point, I 
concluded that this whole quantity is equal 
— to 
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| to 800 degrees according to Celſius, or that th 
| the loweſt, point of the thermametric ſcale is 5 
ſituated at the 8ooth degree below o. This 2 
converted into degrees of Farhenheit, gives tl 

1408 degrees below o for my _= of the 
loweſt point e. 5 f 
11 alſo a l 
capacity of common ſalt, as well as its ſolu- P 
tions in different proportions of water. Thus t 
I found the comparative heat of eriſtalliſed 0 
* common ſalt to be 54: 27% 1 1071 226. | 

4 that of a l Solution (can- 

1 taining 372 parts of ſalt, united l 


with 1090 parts of water) 0. 793, 
that of a ſolution containing alt and | 
water in the proportion « of z to 10 o, ga 


—— 


— 2 I 


*The experiments made by me, at that time, gave 90, 6 
degrees for the heat abſorbed by ſnow during its converſion 
into water, accordingly the number of degrees from o to 
th: loweſt point ſhould have been 806 according to Cel- 
ſius, or 1419 of Fabrenheit; however I preferred 800 as 
a more even number. In repeating thoſe experiments I 
have afterwards found that the heat abſorbed is ſamewhat 
greater, viz. 81,2 degrees according to Celſius ; whence, 
ſuppoſing the proportion of the capacity to be the ſame as 
9 : 10, it would follow that the abſolute degrees are 812 
below o of Celſius's thermometer, or 1430 below o of 
Fahrenheit. 
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that of a ſolution 2 to 10 0,866 


— ——— 1,56 to 10% eg 
erer I to 10 o, 936 
that of water 7 being e equal 
0. — ET 1,000. 


To Kod out © the —— heats of the 
ſaline ſolutions, I made uſe of a piece of cop- 
per, which I either heated or cooled in thoſe 
ſolutions. As for the criſtalline common 
ſalt, I tried it by mixing it, when finely. 
powdered, with a ſaturated ſolution. 

To compare the difference of the com- 
parative heats with the colds produced dur- 
ing the ſolutions, I made the AY 
experiments. 

Exe. I. With Io parts of water, contain- 
ed in a tinned veſſel whoſe capacity was 


0,6, their common temperature being 
Sg. (Celſius 8,) five parts of common 


ſalt reduced to a fine powder, whoſe tem- 
perature was 21,2, were mixed. After the 
ſolution the common temperature was found 
to be 13,58. 

Here the whole quantity of heat, before 
the ſolution, was equal to 10 „ 820, 8 + 0,6 
x 820,8 + 5 * 0,226 * 821,2; and tle 
whole quantity of heat after the ſolution, 
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ſuppoſing the capacity of the ſaturated ſolu- 
tion = X, will be thus expreſſed “x. 


13,72 * X * 818,58 1,28 * 04226.» x 


818,58 * 0,6 * 818,58. 
If, during the ſolution, no part « of the 
heat was chemically bound, this laſt ex- 


preſſion muſt be equal to the former; which 
being ſuppoted, the value * X will be foyt 


equal 189 


x. 10, ö — 5 * 0,226 X $2192-»1,48 00,226 x 5 1.2 ug 
——U —— - 


AK 13372 & 828,58 
= , 7926; vphich exactly coincides with the 


comparative heat found out for the ſaturated 
Pn 0,793. 


The ſame experiment was repeated thus: - 


Exy. II. In a veſſel, whoſe capacity was 
0,7; 14,5 parts of water were mixed with 
5,5 parts of falt ; the common temperature 
before the mixture being 19% 5. The com- 
_ temperature after the ſolution was 

69,95. If the calculation from this experi- 


bs be inſtituted as from the OE we | 


find X = , 7927. 


* As 10 parts of water are able to diſſolve 3,72 parts of 
common ſalt, it follows that the maſs, after the mixture, 
contains 13,72 parts of ſaturated ſolution,” and 1,28 parts 
of undiflolved common ſalt. 


Exp. 
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Exp. III. 3, 5 parts of common ſalt was 
put into 4 glaſs veſſel, whoſe capacity was 
1, , their common temperature being 25. 
To this was poured 10 parts of water, heat- 
ed to 40˙,84; and the common temperature 


after the mixture was found to be 357,65. 


From this experiment the capacity of a 
ſolution: of 3,5 parts of ſalt, in 10 parts of 
water, may be computed, and it will be 


found equal to o, 802; that is, leſs than the 
capacity of a ſolution, containing three parts 


of ſalt, and 10 of water, but greater than 


the capacity of a ſaturated ſolution. 


Exr. IV. In the veſſel, whoſe capacity 


= 1, 23 45 parts of common falt were mixed 
with 15 parts of water, the common tem- 


perature before mixture being 237 that 
after mixture was 20, 54. If the capacity of 
this ſolution be computed from this ex- 
periment, it will alſo be found very _— 
equal to 0,824. 

Exp. V. Two parts of falr and 10 parts 
of water were mixed together in a veſſel, 
whoſe capacity = = 0,7; the common tempera- 
ture before mixture was 20,51, and that 
after ſolution 18,6 5 whence the capacity of 

the 


= 
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the ſolution will, by computation, be found 
So, 873; the obſerved was o, 866. a 

Exp. VI. Ten parts of water were mixed 
with one part of ſalt, in a veſſel whoſe 
capacity was = 1,2. The temperature be- 
fore mixture was 21,53, and that after mix- 
ture 20,25. The capacity of the ſolution 
calculated from this e will alſo be 


3 5 1 = , 932. | 


Exe. VII. To the bolbtzon (Experiment 


vl.) remaining in its veſſel one part more 


of the ſalt was added, the common tempera- 
ture being 21,52; the temperature after the 
mixture was 20, 99. Hence, ſuppoſing the 
comparative heat of the weak ſolution 
So, za, that of the new ſolution will by 


computation be found = 0,873 nearly; which 


' agrees with what was computed from Ex- 


periment V. 
Exp. VIII. To the folution made in 


the Experiment VII. one part of ſalt was 
added, the temperature before the mixture 


was 21*,75, and after the ſolution 21,45 . 


Hence the capacity of the weaker ſolution 
being ſuppoſed = 0,873, that of the new 
made, containing three parts of ſalt united 


with 10 of water, will by computation be 
found 


1 aw  ma©« 


he, 4 ohh „ yah = 
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found a o, 824, agreeably to thegalculation 
made from Experiment IV. 2 RAT, 6 

To try how the mixture of ſalt en 
with water Would agree with thoſe obſerya= | 
tions, I made the following experiments. 

Exe, IX. Ten parts of ſaturated ſalt ſolu- 
tion was mixed with 19,7 parts of water, 
the temperatures of both being = 195,6; the 
EE” of the mixture was found 
= 18. 95. „ g 

If the eagabiry of the ſaturated ſolution is 
0793, that of the diluted in theſe two ex- 
periments, (which conſiſts of one part of 
falt and 10 parts of water) will by computa- 


tion be found S o, 932; which coincides 


with the reſult of the calculation made 
from Experiment VI. 
Exp. X. Equal parts of ſaturated ſolution 


and water were mixed together at the tem- 


perature of 217, 4; the temperature of the 
mixture was 20˙ 7 5. This mixture contained 
1,56 parts of ſalt diſſolved in 10 parts of 
water, and its capacity calculated from the 
experiment, ſuppoſing the capacity of the 
ſaturated ſolution — 0,793,” will be found 
= 0,896. The capacity of an equally diluted 


ſolution 
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ſolution wat. by direct e 
be = 0,905. FF 


The following table exhibits the . int, 


of the foregoing experiments in one view. 


Theex experiments Proportion of Computed = Oben Difference, 


ſalt and water. capacity» | eeit p. 


1» 2, 3,2 10 0,793. 0,793 o, O00 


3. 3.5 : 10 0, 8a? 

0 0,824 o, 820 49,604 
$7 2 2 10 0,893 o, 866 ＋ o, oo 
10 1,56: 10 o, 896 0,905—0,009 
6, 9. 1 310 0,932 ,936—0, 04 


In all theſe experiments the .compara- 
tive heats of the mixtures, calculated from 


the comparative heats of the mixed bodies, 
and their changed temperatures, agree per- 


fectly with one another, and very nearly with 
the obſerved comparative heats. It, therefore, 


ſeems to be beyond all doubt that the colds 
produced are intirely owing to the changes 


of the comparative heats, and that no part of 
the heat here has been chemically combined. 

With a view more fully to inveſtigate this 
ſubject, I thought it proper to make ſimilar 


experiments with oil of vitriol and water, as 


the heat produced during their mixture is 


very conſiderable. 
2 By 


1 


t 


By direct experiments I found the capa- 
cities of concentrated dephlogiſticated oil of 
vitriol to be „ o, 339. 
Of four parts of concentrated oil of 

vitriol mixed with one > part . 

water = 0, 442, 
Of concentrated oil of vitrio] A 

water mixed in the proportion 663 

2 to 1, 1 * x 0,500, 
Of concentrated oil of vitriol and 

water mixed in proportion of 

— — I to 1, 0,605, 

— — 1 to 2, o, 749. 
—ſ ! Lt 5. o, 8/6, 
— — I to 10, , 925. 

In theſe experiments the acid was includ- 
ed in a thin glaſs bowl, which, being heated 
in warm water to a certain degree, was cool- 
ed in a given quantity of cold water. The 
capacity of the glaſs bowl, as well as that of 
the veſſel, was by previous experiments found 
out, and due corrections accordingly made. 

The heats produced during the mixtures 
were obſerved in the following experiments. 

Exp. I. Four parts of concentrated oil of 


vitriol were mixed with one part of water, 
2 Ss their 


as | AP Þ EN D TX: 
their temperature before the mixture being 
12*, that after the mixture Was 119,5. 


Here the heat before the mixture (the 


capacity of the concentrated acid being ſup- 
poſed = 0,339) is 4 * 0,339 +1 * $12; 

and that after the mixture (the capacity of 
the mixture being called X) is = 5 x X x 
919,5; therefore, if no alteration in the 
quantity of the heat took place during the 
mixture, theſe expreſſions muſt be equal; 

from thence X ='0,4.16, the obſerved com- 


parative heat of this diluted acid was 0,442; 
and if in the equation 0,442 be placed in- 


ſtead of X, the value of the capacity of the 
ſtrong acid will, by calculation, 'be found 

equal to 0,372, inſtead of o, 339. | 
Exp. II. Two parts of concentrated acid 
were mixed with one part of water at the tem- 
perature of 11% 13. The quickſilver in the 
thermometer roſe to the 124th degree. 
Hence, if the capacity of the concentrated 
acid be ſuppoſed o, 339, that of the dilut- 
ed will, by computation, be found = 0,491 ; 
the obſerved was o, 500. Again, if the 
capacity of the diluted acid in this experi- 
ment be ſuppoſed = 0,500, that of the con- 
centrated 
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centrated will, by calculation, be found = = 
0,354 : 
Exe. III. Equal parts of concentrated 
acid and water were mixed together at the 
temperature of 10˙ù5; the mixture acquired 
a temperature of 100% Hence, ſuppoſing 
the Capacity of the concentrated acid = 0,339, 
that of the diluted will, by computation, be 
found = 0,603. Its obſerved capacity was 
v;605 ; and if this be ſuppoſed to be the true 
capacity, the computed capacity of the con- 
centrated acid is o, 344: here, therefore, the 
deviation is 705 inconſiderable. 

Exp. IV. One Part of concentrated ficid 
being mixed with two parts of water at the 
temperature of 10ů% 25, the temperature of 
the mixture was 70%. By aſſuming the capa- 
city 6f the concentrated acid = 0,339, that 
of the diluted will, by computation, De. . 
- = 0,726 ; but by aſſuming this = 0,749 (as 
it was obſerved) that of the concentrated 
will, by computation, be = o, 413. 

Exp. V. One part of concentrated acid 


being mixed with five parts of water, at the 
temperature of 10% 25, that of the mixture 


was 38*,25. If the capacity of the con- 


centrated acid is ſuppoſed = 0,339, that 


H * 2 computed 
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computed for the diluted is 0,860 ; and the 


obſerved was 0,876, which being ſubſtituted, 
that of the concentrated will be computed to 
0, 438. 

Exp. VI. One part of concentrated acid 
being mixed with 10 parts of water, at the 
temperature of 9*,5, the temperature of the 
mixture was 24%75. Hence the computed 


capacity of the mixture is 0,923, if that of 


the concentrated acid is ſuppoſed = o, 339; 
but if the former is ſuppoſed = 0,925, the 
computed capacity of the concentrated acid 
will become = 0,367. 

As in theſe experiments the computed 
capacity of the mixtures conſtantly are leſs 
than the obſerved ones, and on the other fide 
the computed capacity of the ſtrong acid 
conſtantly greater than the obſerved, one 
may be apt to think that here really by the 
mixtures new quantities of heat are produced, 
that were not to be found in the mixed 
liquids, before the mixtures, if not chemi- 
cally combined therein. But when I conſi- 
der that this diſcordance is likewiſe a conſe- 
quence of the error that my manner of 


obſerving the comparative heats of the acids 


might have led into, I think it is more like- 
— 4 


A PFEND IT 
) to attribute the anomaly to this cauſe. 
Then as the conducting power of con- 
centrated vitriolic acid is very weak in pro- 
portion to that of water or a weaker acid, 
it may eaſily be ſuppoſed that the capaeity 
obſerved for the concentrated acid was greater 
than what was found by direct obſervation. 
That the whole deviation of the calculated 
from the obſerved capacities is owing to 
ſome errors in the latter, is ſo much the 
more probable, as in ſome of the following 


experiments, (Experiments VII. VIII. IX.) 

the deviations have fallen out in a different 
way quite contrary to the opinion of a new 
produced heat. 


Exp. VII. Five parts of diluted vitriolic 


acid (conſiſting of four parts of concentrated 
acid, and one part of water) were mixed 
with three parts of water, at the temperature 


of 10, 5; the temperature of the mixture 
was 497. If now the capacity of the acid em- 
ployed, be ſuppoſed = o, 442, that of the mix- 


ture will, by computation, be found = o, 6223 


but the obſerved capacity of this acid, con- 


ſiſting of equal parts of concentrated acid 
and water was 0,605; and if this be ſup- 
* to be its true value, the capacity of 


H h 3 „ 
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the acid uſed, will, by computation, be = = 
0,414» viz. leſs than what was obferved. 
Exe. VIII. 0, 128 parts of the ſame acid 
(uſed i in Experiment VII. 0 were mixed with N 
one part of water at the temperature of x 1171 $3; 


aj 
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is ſuppoſed 0,442; 1 5 if the former is 
ſuppoſed = 9,925, the latter will, by com- 
putation, be found equal to o, 416. LE 
Exe. IX. 0,158 parts of acid (conſiſting 
of two parts of concentrated acid, and one 
part. of water) were mixed with one part of 
water at the temperature of 10'g ; that of 
the mixture was 1 5˙, 5. Here the capacity 
of the mixture will be found = 06928, and 
that of the uſed acid 0,492, when calcula- 
tions are made, ſuppoſing i in the former caſe 
that of the latter acid to be o, 500, and in 
the latter, the capacity of the mixture to 
be Ball &-:.. .. 
Exe. X. Two parts S a. "Yonlilling of 
equal parts of concentrated acid and water) 
being mixed with one part of water, at the 
temperature. of af; that of the mixture was 


19˙½43 Hence the computed heats of the 
| uſed 


— 
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uſed acid and the mixture are 07034. 1047 303 
the obferved capacities were o, 605, o, 749. 
Exe. XI. One part of the ſame acid (a0 
that uſed in Experiment X.) being mixed 
with two parts of water, at the temperature 
of 1256, that of the mixture was 17.6. 
here the computed capacities are 0, 644. 
9,863 ; ; the obſerved were 0,605, o, 876. 
Exe. XII. Two parts ef the fame acid 
(Experiment X.) being mixed. with nine 
parts of water, at the temperature of 12,4 ; 
that of the mixture was 15%, 15. Therefore 


the computed capacities are 0,605, 0,925 5 


which perfectly coincides with the W 


ones. 

Exr. XIII. One part of diluted vitrialic 
acid (conſiſting of one part of concentrated 
acid, and two parts of water) being mixed 
with one part of -water, at the temperature 
of 12, 25; the temperature of the mixture 


was 14˙. Hence, if the capacity of the 


uſed acid is ſuppoſed = 0,749 z that of the 
mixture will, by computation, be found 
= 0,873 ; and, again, if the latter is ſup- 
poſed = 0,876, the former will be = 0,756. 

The differences between the calculated 


and obſerved capacities are not greater 
. than 
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than thoſe which may be ſuppoſed to have 
ariſen from the errors committed in finding 
out the latter; nor can they eaſily be account- 
ed for otherwiſe, as they are ſomewhat irre- 
gular, the exceſſes being ſometimes on one, 
ſometimes on the other fide. However it may 
be a little more ſatisfactory to. point out the 
capacities corrected by approximation from 
the experiments mentioned, 

The capacities may be more nearly approxi- 
mated, by taking a medium between the value 
of the capacity of each acid, found by com- 
putation from the experiments made with it, 
and its value pointed out by direct obſerva- 
tion. Thus I find the corrected capacities 
to be the following, 

The capacity of concentrated acid ©,360 
Of concentrated acid and water 
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in the proportion of = 4:1 0,429 
— — — » 2:1 , 496 
— — 1:1 , 613 
— — — 1:2 , 743 
— — 5 0,871 

— . 1: 10 0,925 


Theſe . aer 1 diink, very nearly 
with the true capacities of the acids. I will, 
therefore, ſuppoſe them to be the true values, 
and 


. 


and, from this ſuppoſition, make calculations 
for the heat that ought to have been pro- 


duced by the mixtures made in the above- 
mentioned experiments, if this heat was 


cauſed only by the changes of capacities; 


that is, if the whole quantity of heat was 


the ſame before and after the mixture; the 


loweſt point of the thermometer at 800. be- 
low o; and if the capacities of the con- 
centrated and diluted acids exactly agree 
with the values juſt exhibited. 

Then I find that the temperature of the 


mixture, in the iſt Experiment, ought to have 


been, 123 57 inſtead of 1199, 5 as obſerved. 
2d. Exp. 137,0 '- 124 

3d. Exp. 99,7 - 100 

4th.Exp. 57,9 = 70 

Sth. Exp. 31 - 38,2 5 

6th. Exp. 24,22 = 24,75 

7th. Exp. 50,33 — 49 

sth. Exp. 20 <- 18,77. 

In the other experiments, the heats pro- 
duced are ſo ſmall, that they cannot be ex- 
pected to be determined by calculation, with 
any degree of precifion ; for the leaſt devia- 
tions in the expreſſions of capacities, produce 
very conſiderable errors in the calculated 
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degrees of heat. Thereſore, however de- 


viating the above - mentioned computed ſen⸗ 
ſible heats are from the obſerved ones, ſtill 
I look upon them as very nearly anſwering 
the expectation. Then very ſmall corrections 
of the capacities may make them Nerd 


agree with the obſervations. 


Having found that the doctrine af capa - 
cities ſo well agreed with the phenomena of 
cold produced by ſolutions of common ſalt 
in water, I was defirous to know how far 
the cold, produced by mixing falt and ſnow, 
could be accounted for, from the ſame 
principles. * 

As it is well known, that hu cold 


| ariſes in a ſaline mixture, this, from a. 


ſtate of dryneſs, grows humid, or is entirely 
converted into a liquid ſolution; I had no 


doubt but that this converſion into a liquid 


ſtate, and the increaſe of capacity: ariſing 
from it, was the cauſe of the cold produced. I 
was confirmed in this opinion by the follow- 
ing obſervations. In every mixture of ſalt 
and ſnow, there is a maximum of produoible ; 
cold, or there is a certain degree determina- 
ble on the thermometric ſcale, beyond which 
no farther cold, by a given mixture of ſalt 
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and ſnow, can be produced. If, the ſalt as 
well as the ow, before the mixture, are 


. Cooled below that point, there is no cold 


produced, and the particles of the mixed 
bodies continue unalterated in their dry 


ſtate, If the ſame mixture, by means of 


heat, is conyerted into a liquid ſolution, 


and afterwards expoſed to a degree of cold 


below that point, it will foofe i its liquidity, 
and be converted into ſolid ice. From 


thence it is evident, that the Joweſt point of 
cold, producible by a ſaline mixture, is the 


freezing point of that mixture; and as, at 


that point, no liquefaction can take place, the 
cauſe of the production of cold ; is removed. 


| So I found that common falt and ſnow. mixed 


together produced a cold of — 21*; (or — 
5*,8 according to F arhenheit's 3 


that a ſaturated ſolution of this ſalt and wa- 


ter, when expoſed to the free air in a lower 


temperature than — 21, was partly frozen, 
and made a thermometer, immerſed in it, riſe 
to - —21*, and that the ſalt and ſnow mixed 
in any temperature below that degree, con- 
tinued unaltered, as to their external a ppear- 
ance, and produced no cold at all. 


Although 
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Although, theſe general facts perfectly 
agreed with the theory, yet I did not look 
upon them as fully convincing, till I, from 
more determined phenomena, was able to 
make computations for the. cold produced, 
as well as for the variation of the capaci- 
ties. Accordingly I mixed 1,75 parts of 
ſnow, and o, 625 parts of common falt, 
their common temperature before the mix- 
ture being — 7, 5, in a thin globe of glaſs, 
whoſe capacity was o, 35. This globe was 
immediately put into a veſſel filled with 
34 parts of water, (where to avoid prolixity 
I have included the capacity of the veſſel) 
heated to a temperature of + 21%. When 
the faline mixture was melted, and after it 
had ceaſed to communicate any farther cold 
to the water, the common temperature was 
obſerved to be + 15*,25. Now the capacity 
of the water being 1, that of the ſnow 0,9, 
that of the common ſalt o, 226, and that of 
the ſolution (as it contained 2,8 parts of wa- 
ter to 1 part of ſalt) 0,8; and the loweſt 
point of the thermometric ſcale being ſup- 
poſed to be ſituated at — 800?, I had the 
whole quantity of heat contained in the ma- 
terials before the mixture, equal to (1,75 
XK Q,9 
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be 0,9 + 0,625 x 0,226 + 0,35) x ($90— 


7.5) + 34 x 821 = 29551*%,53 but the ſum 
of the capacities, after the mixture, are equal 
to 34 + 2,375 * 0,8 + 0,35. 3 36,255 con- 
ſequently the common temperature after the 
mixture ought. to have been = 5857 
= 81, 21, or 1 572 abore the: Freezing 
point, which does not perceptibly deviate 
from the obſerved temperature of- -I5*s2 Fo. 
The reader will perceive that the loweſt 
degree of heat, as determined by theſe ex- 
periments of Mr. Gadolin's, is only 1400 
below the beginning of Farhenheit's ſcale. 
From the experiments with pure and in- 


flammable air recited above, the point of 


total privation appeared to be nearly 1500 


degrees below the zero of Farhenheit. 


It is proper, however, to remark that the 
capacity of a mixture of oil of. vitriol and 
water, is ſomewhat increaſed by an augmenta- 
tion of temperature; and if allowance. be 
made for this circumſtance, in Mr. Gadolin' 8 


experiments, the reſults will nearly coincide 


with thoſe of the experiments on the com- 
buſtion of pure and inflammable air. 


That the capacity of a mixture of oil of 
vitriol and water is increaſed by an augmenta- 
tion of temperature, is proved as follows. 

1. More {ſenſible heat is produced by 
mixing oil of vitriol and water, or ſtrong 
and weak ſpirit of vitriol at a low tempera- 
ture, than by mixing them at a high tem- 
perature, Thus I have found that when 


ftrong and weak ſpirit of vitriol were mixed 


ſucceflively at the temperatures of 50, of 
110, and of 212, the quantities of ſenſible 
heat produced were uniformly diminiſhed, 
in proportion as the temperatures were in- 
creaſed. Strong and weak ſpirit of vitriol 
are better adapted for theſe experiments, 
than oil of vitriol and water, becauſe when 
the- latter fluids are mixed, a conſiderable 
evaporation is produced. 

Mr. Cavendiſh was, I believe, the firſt 
who diſcovered that ſpirit of wine and water 
excite leſs ſenſible heat, when mixed at a 
high, than at a low temperature. I have 
found that the ſame thing happens when 


ſpirit of wine and oil of vitriol, and likewiſe 


when cauſtic alkali and water, are mixed at 
different temperatures. Theſe facts render 
it probable, that the compounds, which arc 

produced 
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produced by the chemical union of thoſe 
fubſtances with each other, have their capa- 
cities inoreaſed by augmenting their ſenſible 
heuts; for if, in ſuch experiments, the 
capacity of the compound be increaſed by 
aupmenting its ſenſible heat, it will be leſs 
heated by the application of a given quantity 
of fire, at a high, than at a low temperature. 

2. When ſubſtances which produce heat 
by chemical action are combined together, 
the denſity of the compound is greater than 
the mean denſity of the ingredients. This 
has been called by Mr. Kirwan the accrued 
denſity. Now it appears by experiment that 
the accrued denſity of ſpirit of wine and 
Water, and of oil of vitriol and water, is 
greater when they are mixed at a low than 
at a high temperature. The truth of this 
concluſion, at leaſt as far as relates to ſpirit 

of wine and water, 1s clearly proved by the 
experiments of Mr. De Luc. From thoſe 
experiments it appears, that the expanfions 
Of a mixture of water and alcohol, have an 
increaſing progreſs compared with the mean 
expanſions of theſe fluids in their ſeparate 
ſtate; and conſequently the accrued denſity 
muſt diminiſh, or the denſity of the com- 
- | pound 
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pound muſt approach more nearly to the 
mean denſity of the ingredients, in propor- 
tion as the temperature is increaſed. 

I have alſo found, that when oil of vitriol 
and water are mixed at a high temperature, 
the increaſe in the denſity of the compound 
is leſs than when they are mixed at a low 
temperature. . 

Since, therefore, the accrued denſity of 
weak ſpirit of vitriol, as well as that 
of a mixture of alcohol and water, is dimi- 
niſhed by an augmentation of temperature; 
and fince the accrued denſity, and the dimi- 
nution of capacity, are effects which pro- 
ceed from the ſame cauſe, that is from 
chemical action, there is reaſon to believe 
that thoſe effects will, in ſome meaſure, 
correſpond with each other; and conſe- 
quently, in proportion as there is leſs 
accrued denfity, there will be a leſs dimi- 
nution of capacity, If this be admitted, it 
will follow that the compounds, which are 
produced by the chemical union of alcohol 
and water, and by that of ſpirit of vitriol 
and water, have their capacities ſomewhat 
increaſed by an augmentation of tempera- 
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3. That weak ſpirit of vitriol has its 
capacity increaſed by augmenting its ſenſible 
heat, is confirmed by direct experiment; 
for when equal parts of diluted ſpirit, of 
vitriol are mixed together at different tem- 
peratures, the temperature of the mixture is 
greater than the arithmetical mean ; and 
conſequently, the capacity of this fluid muſt 


be increaſed by augmenting its temperature, 


as appears from Propoſition II. page 59. 


If allowance be made for this circum- 


ſtance, the reſults of Mr. Gadolin's Experi- 
ments will be found nearly to coincide with 


thoſe which have been deduced from the. 


experiments on the combuſtion of pure and 
inflammable air. There is, therefore, the 
utmoſt reaſon to believe that the loweſt de- 
gree of heat, or the point of total privation, 
as calculated from trials upon different bodies, 
according to the rule propoſed by Dr. 


Irvine, is conſtant; and it is probable that 


this point is nearly 1500* below the * 
ning of Farhenheit's ſcale. 

It is proper, however, to obſerve, that we 
cannot as yet be aſſured that the loweſt de- 
gree of heat is determined with perfect pre- 
ciſion; for though, from ſimilar trials which 
"T3 I have 


n 


4 
5 . r the tors fy n * 7 2 > Y 8 3 * 2 . . . he — 
EFF ðͤ Vdc . — IS : een nn —=I 
22 * = . - — 5 0 — Cd 2 
* 8 's r 12395 Fe . — 9 ng * 


w * 
4 8 
KW 5 8 


32 APPENDIX. 


J have myſelf made, I am convinced that 


Mr. Gadolin's experiments are nearly ac- 


curate; and though theſe experiments do 
not materially differ in their reſults from the 
trials with pure and inflammable air related 
in the former part of this work; yet, in 
order to arrive at a ſufficient degree of pre- 
cifion in a ſubje& of ſuch delicacy, it is 
neceſſary that we ſhould take the mean re- 
ſult of an extenſive ſeries of experiments 
made with a view to determine the changes 
of capacity which ariſe from alterations of 
form in a variety of different bodies, to- 
gether with the quantities of heat or cold 
produced by ſuch alterations. 

As the bod of inveſtigating the begin- 
ning of the ſcale of heat was originally pro- 
poſed by Dr. Irvine, I was unwilling to in- 
terfere with him in the ſolution of this curi- 
ous problem, I have, therefore, hitherto 
avoided entering into this ſubje& more mi- 
nutely than was neceſſary for the illuſtration 
of the principles contained in the foregoing 
pages. But as that Gentleman is lately de- 
ceaſed, and as the queſtion is not yet deter- 
mined in a manner that is altogether deciſive, 
I mean in future, if it pleaſe God to grant 

me 


my particular attention. 5 
J have endeavoured, in the courts of th 
foregoing work, to mark with as much 


fidelity and accuracy as poſſible, the improve- 
ments which were made by Dr. Black and- 
Dr. Irvine, in the doctrine of heat, before I 


began to pay attention to this ſubject. | The 


following is, I believe, a correct ſtatement 


of the progreſs of theſe improvements, as 
far as they relate to the inveſtigation of the 
comparative heats of bodies. 


Dr. Black was the firſt who cquicluded So 


Farhenheit's experiment, recited in page 86, 
that mercury and water have different capa- 
cities for heat. In purſuance of this idea he 


made experiments to determine the com- 
parative heats of various ſubſtances. It is, 


therefore, to that Philoſopher. we are in- 
debted for our knowledge of the general 
fact, that the capacities of bodies for heat 
are different. 8 

Dr. Irvine inferred from this fact, com- 
pared with the diſcovery of latent heat, which 
had previouſly been eſtabliſned by Dr. Black, 
that the capacities of fluid bodies are greater 


than thoſe of the ſame ſubſtances when they 
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are changed into ſolids. This inference, 
which he afterwards confirmed by ex- 
periment, led him to the diſcovery of the 
rule for aſcertaining the loweſt degree of 


heat; and upon the ſame principles he ex- 


plained the cauſe of the heat which is pro- 
duced by chemical mixture. 

I[t has been inſinuated that I publiſhed, 
in a former edition of this work, a part of 
the diſcoveries made by Dr. Irvine, without 
acknowledging the author. Thefollowing 


letter, which I received from that Philo- 


ſopher, in the year 1780, will prove the 
falſhood of ſuch inſinuations, 


« 8 L R. 
«As from ſome cauſe or another, probably 
from the miſtakes and miſapprehenſions of 
people ill informed in the ſubject of our re- 


ſearches, I have been repreſented as the 


author of the doctrines concerning heat in 
your late publication; I take this oppor- 


tunity of ſignifying, that I lay no claim to 


the diſcovery that atmoſpherical air contains 
more abſolute heat than fixed air, upon 
which the doctrines of animal heat and in- 


flammation, explained i in your book, ſo im- 
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mediately depend. I likewiſe: lay no claim 
to the general fact concerning the increaſe 
or diminution of the abſolute heat of bodies, 
in conſequence of the ſeparation or addition 
of phlogiſton, which is contained in your 
book; and in general there is nothing in 
your publication on Animal Heat, and the 
Inflammation of Combuſtible Bodies, that I 
lay any claim to, which you have not in that 
work already aſcribed to me. 


Glaſcow College, +; 4 Tn | 
Jan. 27, 1780. Your humble ſervant, 


(signed) W. IRVINE.” 


The Propoſition enunciated in page 59, is 
ſtrictly deduced from the definition which 
has been given of a permanent capacity; ſee 
p- 53. In that definition are included all 
thoſe caſes, in which equal variations of tem- 
perature are produced by the addition or 
ſeparation of equal quantities of abſolute 
heat. If, however, a permanent capacity 
ſhould be differently defined ; if we ſhould 
reſtrict this expreſſion to thoſe caſes only in 
which no heat is abſorbed or evolved by a 
| variation 
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variation of temperature, or in which the 
ordinates, repreſenting the capacities in dif- 
ferent parts of the ſcale, are equal to each 
other, the above- mentioned Propoſition 
would not be univerſally true; for we can 


_ readily ſuppoſe that when heat is communi- 


cated toa body, a part of it may be abſorbed, 
and a part may become ſenſible; and the 
proportion between the part which is ab- 
ſorbed, and that which becomes ſenſible, 
may be conceived to be ſo adjuſted, in dif- 
ferent temperatures, that an equal effect ſhall 
be produced, or that the ſame quantity of 
abſolute heat, which raiſes the body one or 
two degrees, at a given temperature, ſhall 
raiſe it an equal number of 8 at all 
other temperatures. b 
In this caſe the capacity would be per- 
manent, according to the firſt definition 
which I have given of that quality in bodies; 
but, by the ſecond definition, it would be 
an increaſing capacity, | 
It is plain, however, from the reſults of 
the foregoing experiments on the loweſt de- 
gree of heat, that if, in particular inſtances, 
the capacities vary according to the law 
which has been now ſtated, the effects pro- 
| duced 
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duced are nearly the ſame as if no ſuch 1 
variation took place. 

I have obſerved in page 33, that if, in 
the experiments with warm and cold water, 
the mercurial thermometer had indicated 
the exact arithmetical mean, we could not 
from thence infer, with certainty, that the 
dilatations of this inſtrument are propor- 
tional to the increments of heat ; for that 
if unequal augmentations of capacity were 
produced in water by equal increments of 
heat, and if unequal contractions were pro- 

duced in mercury by equal diminutions of 
heat, theſe contrary irregularities might be 
conceived to be fo adjuſted, as preciſely to 
balance each other. It 1s proper to obſerve 

that, in this caſe, the mercurial thermo- 
meter would be an accurate meaſure of the 
quantities of heat applied to water, but 

would not be an accurate meaſure of the 
quantities applied to itſelf, 

In the calculations of the experiments 
which were made by mixing warm and cold 
water together, (ſee p. 20) the capacity of 
the veſſel was compared with that of the 
cold water, whereas it ſhould have been 
compared with that of the mixture. If al- 
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lowance be made for this error, it will ap- 
pear that the deviation of the mercurial 
thermometer from the arithmetical mean, in 


thoſe experiments, was a little leſs than J 
ſuppoſed it to have been. 


Thus it has been ſuppoſed that the devia- 


tion, in Experiment III. p. 21, was . 55. 
When the above- mentioned miſtake is cor- 


rected; it will be found to have been Wy | 


25 of a degree. 

I am indeed convinced, by a careful re- 
petition of my experiments, that, in ſuch 
trials, the temperature of the mixture, as 
indicated by the mercurial thermometer, 
corrected according to Mr. Cavendiſh's me- 
thod, correſponds very nearly with the 
arithmetical mean. 

It is obſerved, in page 294, that heavy 
inflammable air conſiſts partly of light in- 


flammable air, and partly either of fixed air, 


or of a ſubſtance that may be conſidered as 
its baſis. This concluſion was drawn from 
Dr. Prieſtley's experiments, which prove that 
a large quantity of fixed air is produced by 
the combuſtion of dephlogiſticated and heavy 
inflammable air; but that the weight of the 
fixed air, which is the reſult of that proceſs, 
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its not altogether equal to the ſum of ae eo 
air uſed in the experiment. 7 10 Tye! 

The reader will perceive that I had geilen 
| de e from ſubſequent trials, that 
when heavy inflammable air is in its pureſt 
ſtate; it conſiſts entirely of a ſubſtance Winch 
forms the baſis of fixed air ex. 

As it may perhaps be uſeful to the' reader 
to have a general view of the reſults of the 
experiments recited in the” foregoing” pages, 
have comprized them in the e 
table. | A 55 
Table of the comparative heats of different 

bodies, as determined by the en 


experiments. 1 | 
Inflammable ai 21 ,4000 
= Dephlogiſticated Od, 4.7490 
Atmoſpherical ait —— 1.7900 
Aqueous vapour | —_ 1.5 500. 

Fixed air — — 13874 0454 
Atterial blood — 110300 
Mater — | 1.0000 
| Freſh milk of a cow — 9999 

Venous blood „ 550 LS 
Phlogiſticated ai r. > 


Hide of an ox, with the hair = .7870 


* See page 344. Y ; 
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K of the beef. of an o 1 1147400 
Alcohol! — . 


Rice an. 


* Nein 
Duſt of the pine tree — 


11 * ny 


pry +4 | | { 014929 nb 060 ö 


5000 


5000 


0 wil: 1 4 4 1 * 4 b N - 


Wheat .. 1 041 IR vrolg 1” 
Barley — — 
Oats 2 i men Sin 
© Vitriolic acid — — 
Pit- call! 
Charcoal 12 
Chalk — — 
ERuſt of iron — 


5 Waſhed diaphoretic apnea. 
2 Calx of copper nearly freed from air 
Quicklime — — 
Cinders — — 
| Aſhes of cinders — 
Ruſt of iron nearly freed from air 
Maſhed diaphoretic antimony near- 
ly freed from air — 
Aſhes of the elm tre. 


Iron — — 


3 


Calx of zinc nearly freed from air 


1 41 4920 
4˙ 
42 10 


4160 
4290 
* 2777 


29152631 
2564 


+2500 


2272 


2272 


2229 
1923 
1855 
6 


1666 
1402 


1369 
1269 
Braſs 
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_ Braſs — — 


Dopfer — — 
White * of tin nearly freed Rd 
5 „ — — 
< Regulus A ZN — — 
, . © Aſhes of charcoal — 
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